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ABSTRACT
Environment recognition is fundamental to studies of deltaic
geomorphology.

Whereas current field studies develop ground-based

criteria to discriminate between deltaic environments, this study
attempts to discriminate between major freshwater environmental
units in a study area in south Louisiana using remotely sensed
multispectral photographic graytones and photographic texture.
The analysis includes qualitative and quantitative explanation of
radiance characteristics recorded in three bands of the electro
magnetic spectrum.
Although many sensing system and measurement variables may
affect radiance and texture on aerial photography and imagery,
geographic variations in water, plant, and bare soil surfaces
predominate.

A classification of eleven surface-types encompasses

approximately 95 percent of all the surface area under study.
Discrimination between surface-types is qualitatively described
in terms of ground-based criteria, illustrated graphically with
graytone/texture transects, and quantitatively attempted in a
linear discriminant analysis.

Numerical graytone data generated

by visual comparison of photography and imagery with a standard
monochromatic graytone stepwedge, permit relative estimates of
spectral radiance.
Employing six measures of spectral radiance and one measure
of photographic texture, the discriminant analysis effectively
segregates 87 percent of 394 known sample points into their proper
surface-type.

Coefficients computed in the discriminant analysis

and applied to approximately 800 unknown points shows a similarly

X

high degree of correct classification and are used to produce an
environmental map of the entire study area.

These results are

reduced to their equivalent deltaic environment thereby demonstrat
ing the utility of the multispectral approach in environment
recognition.

INTRODUCTION

Recognition of depositional environments is fundamental to
deltaic geomorphology.

Recent studies in south Louisiana utilize

physical, chemical, and biological characteristics of environments
to reconstruct recent facies relationships in terms of ecological
conditions existing at the time of deposition.

Important contri

butions have been made by Russell (1936), Van Lopik (1955)# Scruton
(i960), Coleman (1966a, 1966b), Coleman and Gagliano (1965), and
Coleman, Gagliano, and Webb (196/*.).

An overriding objective of

these and earlier studies (Russell, 1940; Fisk, 1944-# 1947# 1952;
Mclntire, 1958; and McFarlan, 1961) is the regional depositional
history of the Mississippi River deltaic plain.
Current approaches to paleoecology demand a thorough under
standing of contemporary and synchronous environments of deposition.
Studies in present-day depositional environments provide valuable
and cumulative information for use in environment discrimination
from remote aerial platforms.

This is especially true in places

where marked contrasts in ground patterns, textures, or tones
simplify environment detection.

In addition to conventional aerial

phonography, remote multispectral pictorial sensors^- contain
criteria useful for environment discrimination.
Conventional methods of photographic interpretation in low-lying
coastal areas are based upon subjective estimates of the terrain
(Russell and Morgan, I960; Tator, 1951# 1954# 1958).

Multispectral

analysis permits a relatively simple and objective scheme for environ
ment recognition.

The unique assemblage of graytones and textures

derived from the same geographic point on several sensing records
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uniquely distinguishes that point from others.

Based upon graytone

and photographic textural variations in known deltaic environments,
an unknown deltaic environment may be identified.

Multispectral tech

niques have been successfully demonstrated in agriculture (Laboratory
for Agricultural Remote Sensing, 1967a, 1967b, 1968), forestry, and
natural resources research (Colwell and Olson, 1964; Cameggie and
Laver, 1966), and its potential in deltaic studies is qualitatively
illustrated by Ludlum and Van Lopik (1966).
The potential for a quantitative multispectral approach in deltaic
environment discrimination is tested in this study.

This is achieved

in two steps which include (1) a tabulation and graphical represen—
tation of the range and variance within and between deltaic environ
ments in visible (0.5 - 0.7 microns), near infrared (0.7 - 0.92
microns), daytime and nightime thermal infrared (8.0 - 14.0 microns)
data, and a measure of photographic texture derived from panchromatic
metric photography; and (2) a discriminant analysis of sample points
derived from known environments.
Data collected are intended for comparative use within the
context of the study area and the numerical values may not have
general application in deltaic research.

The data represent a small

segment of freshwater deltaic environments during the autumn season
as recorded during a particular overflight.

Data limitations how

ever, do not detract from the primary objective and fundamental
approach of testing the discriminatory capabilities of the sensors.
The intensity of spectral radiance of a point on the earth's
surface is caused by (l) solar radiation and its interaction with
matter, and (2) the characteristics of a point as an emitter of
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radiation.

In this study, the radiance of field observed sample

points within an environment and located on the photography and
imagery are reduced to a mean and standard deviation in each spectral
band.

Differences between population means, and population overlap

within and between each spectral band, determine the relative dis
creteness of study area environments.

Multiple linear discriminant

analysis is used to test the relative environmental discreteness.
None of the more sophisticated, and commonly used, measuring
and recording devices, nor any negative or positive transparencies
were available for this study.

Numerical graytone data are derived

directly from positive photographic prints by visual comparison with
a standard graytone stepwedge2 . The method ha3 been successfully
used previously by the Laboratory for Agricultural Remote Sensing
(e.g. 1967a) and permits quantitative and relative representation of
graytones on photography and infrared imagery.
The study area is well suited for testing the potential of the
remote multispectral approach in discriminating between deltaic
environments because of the variety of natural and cultural surfaces
occurring there.

Investigations cover the full spectrum of natural

and man-induced surfaces.

Several months of field observation were

useful in identifying vegetal assemblages and associated sedimentary
and hydrologic features of the terrain.

Spatial variations as well

as temporal stage or phase characteristics of geomorphic conditions
were noted and correlated with the spectral response on the photo
graphy or imagery where possible.
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STUDY AREA
The study area is situated southeast of Houma, Louisiana on the
Lafourche-Mississippi subdelta (active c. 1800 - 500 B. P.) of the
Mississippi River deltaic plain (Fig. 1).

Barataria Basin bounds the

subdelta on the north and the east and the Atchafalaya Basin lies
northwest.

Distributary channels empty into Terrebonne and Timbalier

bays to the south.

Elevations seldom exceed 10 feet above mean sea

level, and regional slopes range between 1 and 3 degrees.

Regional

drainage is sluggish but is locally good on backslopes of natural
levees and becomes increasingly poor toward the interlevee basins.
The Bayou Lafourche distributary system has two main points of
bifurcation.

Northwest of Houma, at Thibodaux, Louisiana, the main

channel flows east southeast retaining the name Bayou Lafourche and
an important secondary channel called Bayou Terrebonne flows south
eastward.

Bayou Terrebonne turns sharply toward the east at Houma

where the levees of Bayou Du Large and Bayou Grand Caillou originate.
A short distance beyond Houma, Bayou Terrebonne turns toward the
southeast and bifurcates into two south-flowing channels.

The east

channel retains the name Bayou Terrebonne and the west channel is
called "Bayou Petite Caillou."
During the history of Bayou Petite Caillou, a large crevasse
developed across its west bank about two miles southeast of the
bifurcation with Bayou Terrebonne.

Obvious surficial remnants of

crevasse channels meander across adjoining swamp to the south and
coarse-grained crevasse sediments protrude southward from the stream
extending cultivation into the interlevee basin.-
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Beginning northeast of Houma, at Bayou Blue, an abandoned
interlevee channel, the mile wide flight line traverses a small inter
levee basin composed of well drained swamp and pasture.

The Intra

coastal Canal occupies the lowest elevations in the basin which at
this point are approximately 5 feet above mean sea level.

South of

the Intracoastal Canal, the natural levee of Bayou Terrebonne
increases to about 10 feet and sugarcane fields replace swamp and
pasture.

Occasional bare soil surfaces, drainage ditches, tree

stands, roads, and bayous interrupt an almost continuous surface of
cultivated fields extending over the natural levees of Bayou
Terrebonne and Bayou Petite Caillou.

Continuing south, the flight

line traverses a small transitional zone of well drained swamp which
abruptly replaces the sugarcane fields.

As levee elevations decrease

to about 2 feet above mean sea level, well drained swamp grades into
poorly drained swamp and at about 1 or 1-i feet elevations, freshwater
floating marsh replaces poorly drained swamp.

Figure 2 illustrates

the regional setting of natural environments and Figure 3 illustrates
the study area (i.e. the flight line) in detail.

Detailed examples

of photography and imagery collected in the study area are shown in
Appendix A .
Vegetal assemblages reflect, sedimentary, topographic, and
ground water table patterns, as well as, the subtropical climate of
south Louisiana.

In its natural state, well drained swamp, consisting

primarily of mixed hardwood trees (noted in Appendix B) characterize
the highest, best drained levee soils.
to silty clay (Lytle et al. I960).

Soils range from silty loam

Drainage becomes increasingly

poor at lower elevations and poorly drained swamp, consisting mainly
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of tupelogum and bald cypress trees, replace mixed hardwood trees.
Low elevation soils, saturated or covered with water at least part
of the year, consist mainly of clay-sized, nonorganic and organic
particles.

At the lowest elevations, marsh grasses, sedges, and

rushes dominate other vegetation and grow on peaty soils which range
between 30 and nearly 100 percent in organiccontent.
In addition to the decreasing elevation and the relative rise
in ground water levels, increasing water salinities in a seaward
direction alter vegetal assemblages.

Figure kk diagrammatically

illustrates the gradual, but continuous, shift in environments
relative to ground water and salinity, and Figure 4B illustrates the
down-backslope bowing of environmental gradients caused by crevassing.
Marine-type air masses dominate south Louisiana throughout most
of the year.

Air temperatures at the earth's surface in February

average 6A°F and 84°F in August.

Winds from the Gulf of Mexico carry

moist tropical air inland during the summer, and alternating invasions
of cold continental and warm marine air characterize the winter
months.

Growing seasons average 320 days near the coast and frost

may occur from late November to the end of February.

Annual rainfall

averages 65 inches and has a summer maximum but is well distributed
throughout the year.
Although man has inhabited natural levees in the study area
since approximately 1200 A.D., pronounced man-induced changes on the
landscape occurred only within the last 150 years.

Of these,

agricultural fields, roads, canals, spoilbanks, and houses are
predominant.

Sugarcane cultivation presently is the primary

commercial agricultural endeavour, but it is limited on the lower

t
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flanks of the natural levee where it is commonly replaced by
commercial livestock farming.
Approximately 30 percent of the study area consists of agri
cultural land which includes sugarcane, cut sugarcane fields,
pasture, and bare soil surfaces.

Cultivated areas normally mark

elevations above 2 feet above mean sea level.

Paved roads tend

to follow the highest levee elevations between 8 and 10 feet above
mean sea level, and parallel the natural channel.

A well-drained

tree and shrub zone between the road and channel is a man-altered
remnant of the natural batture^ and is periodically cut prior to
channel dredging operations.

The analysis includes man-induced

environments because of their areal importance in the present-day
landscape.
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SENSING RECORDS

Seven physical characteristics of deltaic environments con
sisting of three, partly or wholly, overlapping spectral bands provide
the data base for this study.

Each spectral band represents a

discrete segment of the electromagnetic spectrum (Fig. 5)*

Only data

derived from black and white photography and imagery could be reduced
to numerical form for the graphical or statistical analysis; however,
color photography, extensively used throughout the study as a field
tool, provided complementary, qualitative information on"ground condi
tions.

High-acuity visible band photography is used to qualitatively

estimate photographic texture in numerical form.
All photography is vertically directed from altitudes ranging
between 2,500 a m 5,000 feet and presented in a positive pictorial
format at a scale of 1:5,000.

Surface temperature intensities on

infrared imagery are depicted as shades of gray at a photographic
scale approximating 1:10,000 with noticeable oblique orientations on
the edges of the image.

All records have high resolution qualities,

and are described in greater detail in Appendix C.
Spectral Radiance

Spectral radiance of an object on the earth's

surface, as used in this study, denotes the brightness intensity of
that object as recorded on a photograph or image.

As such, both

terrestrial emissions and reflections of solar radiation may be
measured in terms of a graytone.

For remote sensing purposes,

radiation is considered to be electromagnetic energy exhibiting
wavelike characteristics, where wave frequency is directly propor
tional to wave velocity (Colwell et al., 1963).
constant at the speed of light.

Wave velocity is

Thus, wave frequency or the inverse,
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wavelength, denote electromagnetic energy levels.
All objects with temperatures above absolute zero continuously
emit and absorb radiant energy.

Black-body radiators emit all

wavelengths, as described by Planck's law in all directions in
accordance with Lambert's cosine law, and intensity varies inversely
with the square of the distance from the emitter.
Maximum radiation (R) at any particular temperature (T) may be
expressed as a direct proportion of the fourth power of the absolute
temperature, the emissivity (e), and the Stefan-Boltzmann constant
(a), and written as
R = T 4 ec

(1)

where radiation is measured in langleys^ per minute (ly/min) and
temperature, in degrees Kelvin.

Emissivity in a perfect radiator

equals 1.0 and the Stefan-Boltzmann constant equals 5*76 x 10“5erg
cm“^(deg K)-^ sec-"*" or 7*92 x 10“-*-^cal cm“^(deg K)“^ min”^ (Gates,
1965).
A plot of relative black-body radiation intensities with in
creasing temperatures indicates a net radiation increase with peak
intensities and the bulk of the energy emissions shifting toward
shorter wavelengths (Fig. 6).

Both sun and earth radiate as near

perfect black-body radiators.

At 6,000° K, solar radiation peaks

at 0.47 microns, and 99.9 percent of its energy falls between 0.15
and 4.0 microns; whereas the earth at 300° K peaks at 10.0 microns,
and the bulk of its energy emittance occurs between 4*0 and 50.0
microns wavelengths.

Black-body radiation intensities at sun and

earth radiation peaks are 2.3 and 0.67 ly/min respectively, and
the total quantity of solar radiation exceeds that of the earth by
a factor of 160,000.
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In accordance with Kirchhoff's law, the ratio of emission to
absorption in a black-body is constant for a given wavelength and
temperature.

Black-body temperatures vary without net gain or loss.

It necessarily follows that the theoretical emissivity-absorptivity
ratio equals 1.0.
Seldom in nature however, does the emissivity-absorptivity ratio
equal 1.0.

By definition, naturally translucent or reflecting

bodies cannot be black-bodies. Transmission spectra normally
occur as a result of selective wavelength absorption, whereas perfect
reflection is defined as the complete absence of absorption.

Absorp

tivity thus becomes a function of transmissivity and reflectiveity.
Emissions from natural bodies are less than those of blackbodies, although they may approach magnitudes of 1.0.

As a result

of imperfect absorptivity and emissivity, natural bodies frequently
have a net gain in their heat budget.

Differential thermal attri

butes, as well as differential reflectance and transmittance, are
thus expected in all natural bodies.
Atmospheric Absorption. The earth intercepts only one part in two
million of the total emitted solar energy.

Extraterrestrial solar

radiation intensity is estimated to be 2.0 ly/min fluctuating
seasonally 11.5 percent (Sellers, 1965)*

Graphically represented

as a function of wavelength, extraterrestrial solar radiation
nearly equals solar emissions (Fig. 6).

A direct beam of solar

radiation normal to the earth's surface at sea level equals about
1.34 ly/min.

Of that approximately 0.14 ly/min radiates downward

from an emitting atmosphere as diffuse energy.

The atmospheric
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mass, interacting with radiant energy, absorbes and radiates the
differential between the extraterrestrial solar radiation and that
which strikes the surface of the earth.
Upward or downward transmission spectra through a standard
atmosphere (relative humidity = 55%, temperature = 23° C, aerosol
particle content =215 cc at sea level) occur in distinct bands
(Fig. 6).

Upper atmospheric ozone and oxygen absorption cause

losses in extraterrestrial energy in the ultraviolet (0.1 - 0.4
microns) and visible (O . k - 0.7 microns) bands, whereas attenuation
of radiation intensity in the near infrared (0.7 - 2.0 microns) is
caused by water vapor and carbon dioxide absorption.

An additional

15 percent of extraterrestrial energy is lost to the earth's surface
by atmospheric scattering which increases inversely with increasing
particle size.

Scattering caused by dense cloudiness tends to

decrease atmospheric transmissions most strongly at near infrared
wavelengths, and results in an apparent shift in peak solar radia
tion toward the blue range.
Variations in the radiation angle of incidence with the earth
away from the perpendicular decrease radiation intensities at the
earth's surface.

Atmospheric absorption at a particular geographic

point is regularly distributed as a function of the sun's diurnal
and annual movements relative to that point, but is irregularly dis
tributed as a function of local climatic conditions and cloud cover.
Perturbations in normal radiation intensity as a function of cloud
cover in the study area are shown incidentally in Appendix D.
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Spectral Signatures. Although altered by atmospheric absorption and
scattering the range of solar radiation reaching the earth's surface
corresponds closely with the ultraviolet (0.1 - 0.4 microns), visible
(0.4 - 0.7 microns), and near infrared (0.7 - 2.0 microns) spectral
bands.

Terrestrial reflectivity of solar radiation is sensed by film

emulsions sensitive to those spectral bands.

Absorbed radiation goes

through complex molecular and atomic changes which transforms energy
to radiation of another wavelength (Colwell et al., 1963)-

Most

terrestrially absorbed radiation converts to heat and is, in part,
emitted as terrestrial energy at longer wavelengths in the 4.0 to
50.0 micron range.

Terrestrial emissions in this range may be sensed

through the use of optical-mechanical sensors which electronically
amplify the infrared signal and convert it to light or visible
energy before it is recorded on a photographic negative or positive.
Assuming that terrestrial emissivities are known the pictorial
infrared image renders a map of surface temperatures in accordance
with the relationship expressed in equation (1).
In nature, both terrestrial absorption and emission have the
potential to vary between nearly 0.0 and 1.0 as a function of the
physical and chemical makeup of matter.

Intensities of spectral

radiance vary irregularly with wavelength.

As a result of variations

in both matter and energy, broad spatial and temporal ranges in
spectral radiance are feasible.

Relative or absolute spectral

radiance intensities characteristic of matter at varying energy
levels in a continuous spectrum is referred to as a "spectral signa
ture."

Multispectral photography and imagery of the earth's surface
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samples discrete bands of electromagnetic energy and illustrate
spatial variations in reflection (photography) or thermal emission
(imagery).
Prior knowledge of spectral signatures permits remote identi
fication of specific geographic points or areal units.

On black

and white multispectral photography, graytones derived from a
specific geographic point indicate the trend of the spectral
signature and as such may be used to objectively identify similar
geographic points.

A, B, and C in Graph E on each graytone/texture

transect figure shown below crudely depicts spectral signatures of
deltaic environments.

Graytone. Graytone is, "any density (of silver halide crystals) or
shade between and including absolute white and absolute black that is
registered by the terrain on an exposed noncolor (panchromatic) aerial
photograph negative or print processed therefrom" (Lueder, 1959)*

Graytone Measurement. Halide crystal density may be measured mech
anically through transparencies or qualitatively estimated by comparing
the shade on a positive print with a standard monochromatic graytone
stepwedge.

This study employs the latter technique and utilizes the

"value" property of lightness on a ten-step Munsell graytone scale.
Measurements carried to the half step create a twenty step range
between black and white.

Light graytones connote high spectral

radiance; and conversely, dark graytones connote low spectral
radiance.

Relative differences in graytone value indicate absolute

differences in spectral radiance on the ground.
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A gray card with a hole l/5 of an inch square was used to isolate
sample points for comparison with the stepwedge.

At the 1/5,000

scale, this area equals approximately 6,939 square feet on the ground.
Graytone estimates thus potentially average a large variety of
objects and/or natural ground conditions.
A homogeneous shade of gray dominates most l/5 inch sample areas.
Primary exceptions are found in plant covered surfaces where shadows’
become an important factor in lowering average graytone estimates.
Because edaphic conditions may also influence vegetation reflectance
(Myers et al., 1970) the graytone of the sunlit side of the dominant
vegetation in the sample area is recorded separately from the
average which includes shadows and both are used in the discriminant
analysis.

Estimates of the former value were feasible only on visible

and near infrared photography.
Graytone contrasts within a sample area cause photographic
texture which is qualitatively estimated as fine, medium, or coarse,
and given values of 1, 2, or 3 respectively.

In addition to spectral

radiance, the discriminant analysis includes photographic texture.
Thus, a total of 6 graytone variables in 3 spectral bands and 1
textural variable are utilized to characterize a point and to dis
criminate between deltaic environments occurring in the study area.
Table 1 summarizes these variables.
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TABLE 1
Variables Used In Discriminant Analysis

1)

Visible band, 0.5 - 0.7 microns.
Graytone of sunlit side of dominant vegetation occurring
within a sample area.

2)

Visible band, 0.5 - 0.7 microns.
Average graytone of a sample area.

3)

Near infrared band, 0.7 - 0.92 microns.
Graytone of sunlit side of dominant vegetation occurring
within a sample area.

k)

Near infrared band, 0.7 - 0.92 microns.
Average graytone of a sample area.

5)

Far infrared band, 8.0 - 14.0 microns.
Average graytone of a sample area at night.

6)

Far infrared band, 8.0 - 14.0 microns.
Average graytone of a sample area during daylight.

7)

Photographic texture derived from metric photography.

Graytone Texture Transects. Graphic representation of environment
discrimination is presented in two forms.

These forms include tran

sects across environments utilizing variables 2), 4 ), 5)» and 6); and
graphic representation of the spectral variation of individual points
(i. e. spectral signature) occurring on the transects using texture
in addition to variables 2), 4)> 5), and 6).

22

RELATIVE SPECTRAL RADIANCE OF DELTAIC ENVIRONMENTS
Variations in graytones within or between pictorial aerial
sensors in a single spectral band rest primarily, although not
exclusively, on geographic variations in spectral radiance of water,
vegetation, and bare soil.

Factors such as light sensitivity of film

emulsion, film processing, lens filters, view angle, aperture and
shutter speed settings, lens resolution, and photographic scale also
contribute to graytone but are considered as random error in this
paper^.

Atmospheric conditions, time of day and year, altitude of

the sun, and solar radiation just before and at the time of photo
graphy are reconstructed in Appendix D.

Despite the uniqueness^ of

the photography and infrared imagery, general inferences about varia
tions in spectral radiance correlating with environments in the study
area may be drawn.
Variation in Spectral Radiance of Deltaic Surface-Types. For multispectral discriminant analysis of deltaic environments, the study
area is divided into seven geomorphic and five man-induced surfacetypes.

Table 2 lists the surface-types and shows correspondence

with deltaic environments illustrated in Figure UA population of sample points occurring within each surface-type
exhibits a statistically normal variation in spectral radiance, for
each sensor, about a mean value.

Natural heterogeneity within each

surface-type, as well as systematic and random errors induced by
sensor, processing, and measurement cause variation.

The presence

of errors cause true population means to shift on the scale of
measurement, however, if the magnitude in random errors induced by
sensor, processing, and measurement are assumed constant between

TABLE 2
Classification of Surfa ce-Type s in Study Area
And Correspondence with Deltaic Environments

Surface-Type
Silt (nonvegetated)
Clay (nonvegetated)
Cut Sugarcane Field
S u g a r c a n e (>4 m o n t h s old)
Pasture (undifferentiated)
Well D r a i n e d S w a m p
Spoil Bank and B a tture
Poorly Drained Swamp
Freshwater Marsh
Floating Hydrophytes
Open Water

A b b r e v i at i on

f*

SLT
CLY
CFL
SCN
PAS
WDS
SBK
PDS
MAR
HYD
WTR

40
41
41
51
27
42
37
20
34
27
34

Deltaic Environment

f*

Culti vated
200
Zone

Well

Drained Swamp

79

Poorly Drained Swamp
Freshwater Marsh

20
34

Open Water

61
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surface-types on each sensing record, then they do not influence
separability of populations or mean values on a relative scale.
Only systematic variation within surface-types reduces differences
between population means.

The smaller the differences between

population means, the greater the potential for population overlap.
Table 3 summarizes sample mean (x) values for each surfacetype, and lists a measure of population dispersion (standard
deviation, s).

Because of radiance homogeneity within the samples

of some surface types, such as water, equalities occur for mean and
standard deviation values for variables l) and 2) and for variables
3) and 4) (Table l).

This normally indicates fine (1.0) photographic

texture (variable rj).

Since the technique for measuring photographic

texture did not permit fine distinctions, several surface-types yield
standard deviations of .000, indicating complete textural homogenety
within these surface-types and within the limitations of the
textural classification.
As standard deviations are not comparable, an analysis of vari
ance was attempted in the course of the discriminant analysis
described below as a test of the hypothesis that all radiance or
texture mean values in each of the seven variables are equal.

The

F-statistic indicates that highly significant differences in radiance
or texture occur for surface-types within each variable; this test,
however, did not show explicitly where differences lie.
The following survey qualitatively correlates geographic varia
tions in water, plant, and bare soil surfaces with variations in
spectral radiance recorded on photography and infrared imagery.

TABLE 3
Relative Spectral Radiance of 11 Surface-Types.
Mean and Standard Deviation Values for 7 Variables

0. 5 y - 0. 7 y
1
X

SLT
CLY
CFL
Lul S C N
>- P A S
I—
1
LU W D S
c SBK
li
es:
ZD P D S
1/5
MAR
HYD
WTR

8.1
5.9
8.9
5.1
6.1
6.7
6.1
6.8
8.4
7.6
5.6

2
s
.917
.65 7
.594
.608
.743
.726

8.1
5.9
7.8
5.1
5.5
4.9

s
.917
.657
.720
.608
.871
.686

.960
.922
.970
1.772
2.088

4.7
5.9
8.3
7.6
5.6

.997
.8 9 7
.962
1.772
2.088

X

X

5.7
3,2
6.3
7.5
5.7
6.8
7.1
4.9
5.3
6.8
2.0

VARIABLE
0. 7 y ~ 0 . 9 2 u
4
3
x
s
s
.988
.988 5.7
.525
.525 3.2
.936 5.2
1.146
.556
.556 7.5
5.0
.930
1.203
.932 5. 0 1 . 0 2 9
.330
1.280
.673
.933
.460

5.7
3.9
5.3
6.8
2.0

.721
1.083
.673
.933
.460

X

5.0
4.1
3.5
4.6
4.1
5.5
6.4
5.6
3.8
7.2
9.5

8. O y - 14. O y
5
6
s
x
s
.820 8.7
.826
.654 9.6
.565
.411 9.3
.859
.786 3.1
.871
.870 4.1
.561
1.070
.917 4 . 0
1.230
1.263
.843
1.494
1.062

3.6
5.5
6.7
6.9
4.4

1.187
.874
.430
.959
1.375

Texture
7
X

1.0
1.0
1.9
1.0
1.6
3.0
2.8
2.4
1.0
1.0
1.0

S

.000
.000
.033
.000
.075
.000
.044
.081
.000
.000
.000

ro

SJt
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Appendix A provides examples of each surface-type recorded in the
study area, and permits comparison of large areas with the graytone/texture transects used throughout the discussion.
Water Surfaces. Under natural conditions of deltaic sedimentation,
depositional materials segregate along gradual gradients in direc
tions away from the channel and downstream corresponding theoreti
cally with environmental gradients illustrated in Figure 4 .
Gradation occurs primarily as a function of changing energy and
biotic conditions.

Water, the primary means of horizontal energy

transmission and sediment movement, entrains materials and simul
taneously contributes exogenous materials to environments through
which it passes.

As a result of the exchange, regional and local

environmental conditions influence the spectral radiance of water.
Major water bodies in the study area include bayous, Terrebonne
and Petite Caillou, several abandoned crevasse channels, man-made
canals and drainage ditches, a sewage pond, and numerous small marsh
ponds (Fig. 3)-

All comprise a small sample of only freshwater or

nearly freshwater bodies common to the Mississippi River deltaic
plain.

vater depths seldom exceed 10 feet or attain sustained

current velocities above a few feet per second.

Sporadic wind-

driven currents commonly contribute to erosion and turbidity and the
predominant materials moved by deltaic waters consist of quartzose
silts and very fine sands, montmorillonite and kaolinite clays, and
coarse- to fine-textured organic detritus.
In contrast with other deltaic environments the spectral
behavior of water is outstanding.

Spectral radiance as sensed on

visible or near infrared photography, depends primarily upon the
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basic physical and chemical properties of pure water, and in the
visible band near-surface detritus held in suspension causes per
turbations in the normal spectral signature.
VISIBLE AND NEAR INFRARED SPECTRAL RADIANCE.

The usual blue green

color of clear water as sensed by the human eye from a remote plat
form above the surface of the water indicates relatively deep light
penetration and sequential absorption of red, yellow, green, and
finally blue solar energy.

The upper 10 meters of pure water

transmits a high percentage of visible light.

Light transmission

reaches a peak between 0.45 and 0.55 microns in the blue-green
range; it falls off sharply at 0.65 micron wavelengths and approaches
zero beyond 0.75 microns (Sverdrup et al., 1946).

As a result of

high near infrared absorption by water, only a small proportion of
solar energy in this band reflects from the surface or is transmitted
below the surface.

Absorption and scattering of solar energy in the

upper water layers cause eventual extinction of all radiant energy
at some critical depth.
Nonorganic Detritus Effects on Spectral Radiance.

Nonorganic sedi

ments derived from high-energy or subaerially exposed environments
tend to be reddish brown or buff in color.

In upstream portions of

the Mississippi River delta, channel bank morphology permits sub
aerial exposure and oxidation of ferrous minerals and decomposition
of calcium carbonates in the sediment.

Groundwater and surface

runoff continually carry small quantities of leached materials to
canals and streams.

Variable current velocity and rapidly changing

water depths cause sediment entrainment of a large range in grain
size and composition.

At the same time, organic detritus from
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channel bank environments rapidly decompose; thus contributing in
small proportion to the sediment load.
Although bayous Petite Caillou and Terrebonne are not typical
of high-energy channels, water pumped into the Lafourche system at
Donaldsonville, Louisiana originates in the Mississippi River.
Sediments carried by the distributaries of the Lafourche system are
therefore partially representative of the Mississippi River north of
Donaldsonville.
Bayou Petite Caillou at the Presque Isle Bridge (Fig. 3) is
8 to 10 feet deep, slow moving, and occasionally disturbed by boat
traffic.

The fine silts and clays entrained in the water, give the

water a light olive gray (5Y 6/l)^ to grayish yellow green (5GY 7/2)
hue.

In addition, large amounts of organic matter and agricultural

wastes entering the stream from adjoining fields and the dense
batture contribute to the water color.
Spectral radiance values of the water in the visible band range
between 5-0 and 6.0 along a graytone transect which includes Bayou
Petite Caillou (Fig. 7A).

Although the batture has only a 4.0 value

in the visible band, a 4 step difference in near infrared values
(Fig. 7B) readily differentiates batture from water.

Similarly

large differences in near infrared radiance are apparent between
the stream and near-channel soils.
Three individual geographic points graphically illustrated in
Figure 7E, show disparities and similarities in spectral signatures
and textures of three environments appearing in the transect.

The

multiband response of batture nearly parallels that of water in all
bands except in the near infrared; and soil is distinctly different

TERRAIN TRANSECT
Multiband Discrimination

10

10
Water
<

oc.

/ \

Bare Soi 1

o
UJ

V e g e t a t i on
(Batture)
cc.
LU

o
LU

A
LU

A =

11

13

15

80
40
UJ

20
10

B
Cn
Cd

B
0.4

Figure 7.

Cd

= 0.7

- 0.92 microns

=

8.0

- 14.0

microns (night)

= 8.0

- 14.0

mi c r o n s (day)

-H

J = Photographic Texture
1

Natural Levee

Graytone/texture transect:

Bayou Petite Caillou.

J

- 0.7 microns

Seal e

-5

Cn

i------ 1

625 Feet

30
from the other two environments. -Near infrared values of 2.0 and
2.5 typify the response of water in that band on all such photo
graphy in the study area.
Although low-energy conditions normally characterize inter
levee environments, high-energy conditions artificially induced by
channel dredging and heavy boat traffic frequently occur in channels
and streams traversing the low-lying areas.

As a result, bottom

sediment entrainment and river and channel bank slumping cause
highly turbid waters (Mackin, 1962).
Graytone transects which include the Intracoastal Canal (Fig.
8) and a large oil canal (Fig. 9)j exemplify such highly turbid
water; boat traffic continually disturbes both canals.

Visible

band radiance values vary between 6.0 and 10.0 and water colors
range from yellow gray (5Y 6/2) to pale green yellow (10Y 7/2);
these colors typify water holding light colored montmorillonite
and kaolinite clays in suspension.
Figure 9A illustrates visible band radiance gain corresponding
with increasing density of clay-sized sediment held in suspension.
The locus of the transect follows an undisturbed and abandoned oil
well canal (left side) into a heavily used, and larger, barge canal
(right side).

The greatest rate of radiance gain corresponds with

the zone of maximum surface water exchange at the mouth of the
abandoned oil well canal (Points 8 - 11).
Similarities in spectral signatures between highly turbid water
and adjoining bank vegetation are more striking in Figure 8E than
are those illustrated in Figure 7E.
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bare, near-channel, silty soils (Fig. 7E) remain distinct from
turbid water in Figure 8E; this is particularly pronounced in
all infrared bands.

The lack of discrimination between near infrared

values of turbid water and well drained swamp in Figure 8E are caused
coincidentally by tree shadows at Point 12.

Normally, near infrared

radiance values for live vegetation in the study area exceeds 4*5*
Organic Detritus Effects on Spectral Radiance.

High rates of

organic accumulation within marsh and swamp cause rapid exhaustion
of free oxygen.

Although Kolb and Van Lopik (1958) note that about

30 percent of swamp sediments consist of organic detritus, occasion
ally brown to black soil consisting mainly of peat evolve in poorly
drained swamp.

Anaerobic conditions reduce or stop organic decay,

thus permitting ubiquitous preservation of plant remains.

Faunal

remains in swamp are scarce, however, they may occur as calcium
carbonate deposits in small proportions, the amount increasing with
better drainage.

Poorly drained sediments commonly include high

percentages of pyrite (FeS2), ferrous sulfide (FeS), and vivianite
(Fe-^Og . 8H20) (Coleman, 1966a).
Freshwater marsh produces a larger proportion of organic detritus
per volume of sediment than freshwater swamp.

Estimates for propor

tions of organic sediment in freshwater marsh range between 20 and
50 percent; and for floating marsh (flotant) they reach approximately
50 percent (Kolb and Van Lopik, 1958).

Marsh soils commonly occur

as brown to black fibrous peats consisting of roots and rhizomes of
herbaceous vegetation, numerous micro-plant remains (seeds, pollen,
diatoms, etc.), and nonorganic material.
chemica'

Anaerobic biotic and

rocesses are active, and water continually covers the
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surface.

Sediment particles larger than clay-sized seldom reach

the environment.
Typical of low energy conditions in interlevee zones are
nondisturbed organic-rich waters carrying detritus derived from
swamp and marsh environments.

Vfater seldom is sensed directly

through the heavily canopied swamp but examples of organic-rich
water appear in abandoned oil well canals, and shallow marsh ponds
flanking the natural levees.
Absence of boat traffic, water depths to 20 feet, and extremely
low-energy conditions allow the bulk of the coarse fraction of
sediment in abandoned oil canals to settle to the bottom, where it
remains undisturbed.

Large proportions of fine sediments remaining

in suspension consist principally of organic material derived from
surrounding swamp.
Greenish gray (5G k/l, 5GY 4/l) water colors noted on Ektachrome photography do not accurately represent actual water colors
under bright sun.

The distinctive reddish-brown cast (such as 10R

2/2, 10YR 2/2, and 5TR 3/2) of organic-rich water is not apparent,
however, on black and white positive prints radiance values
commonly range between 3*5 and 5-0 in the visible band.

Dark

water colors observed in the field and on black and white pan
chromatic photography (Fig. 9A, points 1-6 and Pig. 13A, point 7)
indicate low reflectance and high absorption of radiant energy.
Light penetration in organic-rich freshwater is moderate in
comparison with pure water but is greater than that which occurs
in highly turbid water.
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Effects of Vegetation Interception on Spectral Radiance of Water.
Like the abandoned oil well canal, small, shallow marsh ponds,
measuring as little as 3 feet in diameter and seldom exceeding a few
hundred feet in width, have water colors and a spectral radiance
typical of organic-rich water (Fig. 10A, points 2, 3, 6, 11, 12,
13).

Marsh plants encircling the ponds decrease in density toward

the center of the ponds as water depths exceed 2 feet.

When sparsely

scattered, plants have a small effect on spectral radiance, but as
they increase in density and height, energy interception increases.
The rise in photographic spectral radiance values at Points 4 and 13
in Figures 10A and 10B indicate increasing interception by plants
along the margins of the marsh ponds.

Visible and near infrared

radiance values reach a maximum at Points 1, 5 and 15 where radiance
of dense stands of marsh grasses spectrally dominates underlying
organic-rich water.

Figure 10E graphically discriminates between

the spectral signatures of individual points situated in open marsh
ponds, and adjoining marsh and poorly drained swamp.
FAR INFRARED RADIANCE.

YJith large quantities of nonorganic sediment

held in suspension in water, the extinction point of light energy
rises close to the surface and reflection is enhanced.

Figure 8A

illustrates increasing spectral radiance from left to right and may
indicate decreasing energy absorption in the same direction.
Corresponding with increasing visible radiance, daytime emissions
in Figure 8C indicate decreasing surface temperatures which similarly
may reflect the decrease in energy absorption.

In a dynamic hydro

logic condition however, temperature fluctuations often indicate an
inflow of cooler, more turbid water.

Nighttime emissions from the
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same geographic point, therefore, come from another water mass and
are not comparable with the photography and daytime infrared imagery.
vater heated by solar radiation in low-energy systems, such as
an abandoned oil well canal (Fig. 17C, point 7), tends to conduct
the heat downward during the day.

Temperatures and imagery radiance

values, are moderate to low relative to adjoining soil and vegetated
surfaces.

At night, water surface layers cool; they become more

dense than underlying water strata, and sink.

In response, up-

welling warmer water replaces the sinking layers.

Convectional

systems set into motion have the effect of cooling the entire water
body; but, because of the high specific heat and heat capacity of
water, which is about 2.5 times that of bare soil, temperatures
have a small diurnal range.

Relative to other surfaces, water

remains "warm'' at night; and as a result it has a high infrared
emission and high imagery radiance values.
In addition, daytime tachotomes in water bodies show a slight
rise in temperature just below the surface which is caused by a
lowering of water surface temperature due to evaporation (Geiger,
1965).

At night, surface evaporation decreases, and maximum temp

eratures along the tachotomes move upward to the surface.

As a

result, diumal evaporation from water bodies has the effect of
decreasing imagery radiance values during the day and increasing
them at night.
Shallow ponds may become isothermal.
heat rapidly downward and upward.

If small enough, they

Small marsh ponds (Fig. IOC,

point 6) yield daytime imagery radiance values nearly equal in
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magnitude to those of surrounding marsh.

At night, the differential

cooling rate of marsh grasses (rapid) and marsh ponds (slow) cause
large radiance contrasts on the imagery.

Large marsh pond emission

(Fig. IOC, points 11 - 13) is similar to the much larger and deeper
abandoned oil well canal (Fig. 17C, point 7) noted above.
Interception of a large proportion of incoming radiation by
vegetation causes a smaller diurnal range in water temperature (Fig.
IOC, points 4 and 6) than is recorded in water bodies without vege
tation (Fig. IOC, points 11 and 12; Fig. 17C, point 7).

Radiant

energy interception by marsh vegetation, however, is less than that
of 3wamp (Fig. IOC, point 9) vegetation where approximately 20 to 30
percent of light incident on the canopy reaches the underlying sur
face (Hall and Penfound, 1939).
The large heating and cooling differential between water and
most other surfaces in the study area may aid in water detection
beneath a tree or swamp canopy (Fig. 15C, point 6).
nighttime infrared imagery is most effective.

In this respect,

In one situation, an

abandoned crevasse channel was sensed meandering through a heavily
canopied swamp.

On all but nighttime infrared imagery the channel

was hardly detectable (Appendix A).
The effects of advective processes on infrared emissions are
most easily appreciated where two different kinds of environment
abut.

At such boundaries horizontal movements of air immediately

above the surface serves to provide a medium for the exchange of
heat between adjoining environments.

In Figures 7 and 8, typical

of water-land transitions, the ecotone is extremely narrow and the
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vegetal and temperature gradient exhibits a rapid change (described
in detail below).

Transitions between an open marsh pond and marsh

grasses shown in Figure 10 on the very gradual and poorly drained
swamp at the lower elevations exemplify less obvious contrasts in
vegetal and temperature change.
The small amount of air mixing at the surface in the case of
air and water ensures that temperatures of air in contact with, and
immediately above the water be retained, however, within several
centimeters, unconstricted, the air easily mixes in the vertical
plain.

In profile the few isotherms which occur align nearly

tically for most of the day.

ver

The effect of the equillibrium state

is sensed on an infrared image as a nearly uniform graytone.
In contrast, air within the matrix of a vegetal stand moves
slowly in the horizontal and vertical plains.

In equillibrium a

broad transition layer between the earth's surface and freely
circulating air develops and isotherms dipping gradually toward
the land-water interface predominate for most of the day.

The

resulting image is one characterized by graytone gradients of
varying steepness.

Sharp graytone contrasts indicate rapid changes

in environment (Fig. 7 and Fig. 8) and gradual graytone contrast
indicate gradual changes in environment (Fig. 10).
SUMMARY.

Suspended sediment color, type, size, and density alter

pure water effects on incoming radiant energy.

Maximum light trans

mission shifts from the blue to the yellow-orange range (Sharkov and
Kurditsh, 1956) and the extinction point of light rises close to the
surface.

Water laden with nonorganic sediments significantly reduce

transmissivity and absorptivity, and increase reflectivity markedly.
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In contrast, organic sediments, because of their dark color; small
size, and low density, permit greater absorptivity than pure water
and reduce reflectivity.

As a result of pronounced absorption of

near infrared energy by freshwater, constituent sediments in water
bodies in the study area insignificantly affect spectral radiance
in that band.

Trends in increasing vegetation density are recorded

by near infrared sensors (Fig. 10B), although they are less pronounced
than in the visible band.

The multiband response of organic-rich

water in Figure 10S nearly parallels that of water laden with nonorganic sediments in Figure 7E in all infrared bands, but the
pronounced differences in visible radiance differentiates organicrich waters from water laden predominantly with nonorganic sediments.
Daytime infrared emissions from freshwater bodies in the
study area are normally less than those of undifferentiated soils,
but are similar to those of woody vegetation, as shown in Figure 7E.
Radiance values for water on daytime imagery range between 2.0 and
7.0, and may be slightly influenced by constituent sediments.
Intensities of nighttime emissions from water bodies show an
almost uniformly high spectral radiance.

In part, high nighttime

values reflect measurement errors in the sensing system.

The mag

nitude of thermal differences on the ground apparently exceeds the
range of thermal sensitivity in the infrared detector for the gain
setting of the sensor.

As a result, 9-5 and 10.0 nighttime values

for water surfaces indicate high relative timperatures with little
discrimination of temperature variation on that surface.

The

large nighttime temperature differential between water and ad
joining surfaces however, may be useful in detecting water bodies

a

beneath a dense vegetation canopy.
Plant Surfaces. The almost continuous canopy of vegetation is
among the most important subaerial constituents in subtropical
delataic landscapes.

Vegetation in its interaction with radiant

energy, acts as a microclimatic transition zone between the earth's
surface and freely circulating air above.

Reoccurring bifurcation

(Welder, 1959), alluviation (Russell, 1936; Fisk, 1944), deltaic
abandonment (Mclntire, 1958), subsidence (Coleman, 1966b; Kolb and
Van Lopik, 1958), and agriculture create a dynamic geomorphic frame
work in time and space to which vegetation responds and contributes.
Spatial transitions from farmland to open water represented as
botanic gradients predominates aerial photography and imagery, and
is schematically illustrated in Figure 4.
VISIBLE AND NEAR INFRARED SPECTRAL RADIANCE.

Typically, the

spectral radiance of chlorophyll containing surfaces are similar.
A leaf, such as that of Populus deltoides (Fig. 11), has low
reflectance and transmittance in the ultraviolet and the visible
bands, a sharp increase at about 0.7 micron wavelengths, and a
similarly sharp decline beyond 2.5 micron wavelengths.

In visible

photography, more than 5 percent of the total incoming radiant
energy rarely reflects from plant surfaces.

The 10 to 15 percent

peak reflectance and transmittance at 0.55 microns, however,
corresponds with reflectance and transmittance peaks in chlorophyll.
Near infrared reflectance and transmittance varies between 30 and
60 percent of the total incoming radiant energy in that band.
Normally, near infrared transmittance exceeds reflectance for thin
leaves but is substantially less (sometimes zero) for thick leaves.
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High percentages of radiant energy absorption occur in green
plants in the ultraviolet, the visible, and the far infrared bands,
but very low percentages occur in the near infrared.

Principal

absorption bands in plants correspond with those of liquid water
at 2.66, 2.74, and 6.3 microns, and with those of leaf pigments
between 0.5 and 0.6 microns.

Low near infrared absorptions are

overtones of water and pigment absorptions and reduce the potential
for high temperatures in sunlit leaves (Gates, 1970).
Gates et al. (1965) has shown radiance variations for the
white oak (Quercus alba) during its growing season.

Pronounced

variations in leaf reflectance occur at the beginning of the
growing season as the leaf approaches maturity, and at the end of
the season when it dies.

During maturation high water and

chlorophyll contents of the fleshy mesophyll layer strongly
absorb long wave and shortwave energy in distinct bands.

Near

infrared radiation has the tendency to scatter on the cell walls of
the leaf tissue.

As a result of internal scattering, energy between

0.7 and 1.0 microns reflects outward or passes through the leaf
and the spectral signature closely resembles that of the cottonwood
in Figure 11.

Pigment changes, particularly the chemical breakdown

of chlorophyll, and moisture loss during senescence, cause an
enhancement of visible reflectance and reductions in visible
transmittance and absorption.

Furthermore, reduction in moisture and

the collapse of cell walls induce reductions in near infrared
scattering, but increase far infrared absorption and emission.
Radiance characteristics of leaves become increasingly similar to
those of dry soil and increasingly dissimilar to those of water.

bh

Leaf variance is significant in environment discrimination inso
far as it enhances the combined effects of floristic, physiog
nomic, phenologic, and edaphic variation inherent to environment.
Floristic, Physiognomic, and Phenologic Effects on Spectral
Radiance.

The major geographic divisions of cultivated and

natural environments (Fig. 4) in the study area segregates
environments primarily on the basis of groundwater levels.
Agriculture is usually situated at elevations greater than 2 feet
above mean sea level; efficient drainage, pumping and levee
systems permit extension of agriculture

to that level.

Farmed land is devoted almost entirely to intensive sugar
cane agriculture.

Current varieties of sugarcane in Louisiana

require a 13 month g r o w i n g season and harvesting occurs between
October 15 and January 1.

The cane, therefore, must be planted

between August and October in order to reach optimum growth stage.
Thus, the November photography and imagery record several sugar
cane growth and harvesting stages (Appendix A, Plate 1).
The 7.0 to 8.0 near infrared radiance values of mature sugar
cane (Table 2) exceeds that of almost all other vegetation in the
study area.

Near infrared energy passing through upper leaves of

green vegetation may reflect from lower leaves causing multiple
reflections from lower leaves which tend to increase spectral
radiance (Myers et al., 1970).

Furthermore, Louisiana sugarcane

maintains maximum growth rates through the harvest season and
infrared reflectance, typically, reaches its maximum during the
peak growth period.
With rare exception, consistency in radiance characterizes
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individual fields of mature sugarcane.

Values of spectral radiance

measured at specific geographic points in the field represent the
field as a whole well.

The distinctive sugarcane radiance segre

gates it sharply from all visible bare soil types in the study
area (Figs. 12A, 12B, 12C).

The radiance of young cane, however,

more closely resembles that of bare soil; and only on nighttime
infrared imagery does mature sugarcane and bare soil appear similar
in radiance.
The youngest cane ( 1 - 4 months since planting), measuring a
few inches to a few feet in height, has a spacious canopy; it reflects
sunlight poorly, and allows a large proportion of the radiant energy
to strike the underlying soils (Figs. 13A, 13B; Points 1-4).

It is

illustrative of the vertical distribution of radiant energy in any
plant community and is a function of stand and canopy densities, and
to a lesser extent, plant height.

Vertical radiant energy distribu

tion is shown in Figure 14 as a percentage of canopy light intensity
where the height of the plant is taken as unity.

In effect, the

curves represent light penetration through canopies of differing den
sities, where the canopy represented by Curve 1 is the more dense
of the two.

In both cases, regardless of plant height, maximum light

intensities at the upper surfaces decrease toward the ground however,
in Curve 1 the largest proportion of radiation activity occurs in the
crown area.

In the absence of solar radiation, underlying surfaces

cease to act as microclimatic boundaries.

Crown density therefore,

is also significant in the vertical distribution of temperature in
plant assemblages.

The vegetation represented by Curve 2 tends to

allow greater vertical penetration of sunlight, permitting it to
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reach the underlying soils or water similar to the example noted
above (Fig. 10).
As the canopy density of sugarcane increases with plant matura
tion and growth, the amount of light reaching and reflecting from
the soil diminishes.

Simultaneously, visible reflectance from the

plant decreases from 8.0 to 5.0 and near infrared reflectance
increases from 5.0 to 8.0.

Disregarding the differences in the sub

stratum, the changes in reflectance of sugarcane through time are
analogous to the changes in reflectance of marsh (Fig. 10A, 10B)
through space.
In addition to sugarcane growth stage (i.e. changes in crown
density), variety, disease, pests, edaphic conditions, and climatic
conditions cause perturbations in the spectral signature.

Points

5, 6, and 7 on Figures 13A, 13B, and 13C respectively represent
mature plant cane, and first- and second-year stubble cane.

The

three points respond nearly identically in all spectral bands.

A

poor stand of the same variety (variety 52-68) at point 9, however,
responds differently in the near and far infrared bands.

Poor

stand deviations in spectral signatures for mature sugarcane however,
could not be adequately tested in the study area.
The spectral signatures of sugarcane fields suggest discrimina
tion between sugarcane at varying stages of growth, between sugarcane
fields and recently cut cane fields (Fig. 13E), and between sugarcane
and bare soils (Fig. 12E).
Louisiana sugarcane is harvested almost entirely by machine.
Distinctive field patterns develope which are easily sensed from
above.

Harvesting machines cut the sugarcane at both the top and
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bottom of the stalk, and heap it across two or three furrows.
develop extending the full length of the field.

Rows

A controlled burning

process then dries and burns all trash in the field and leaves on the
stalk before the latter is moved to the sugar processing mill.

"Heap

rows" and trash respond spectrally in much the same manner as dead
or dormant vegetation found in pasture or mar3h; that is, visible
radiance exceeds near infrared radiance.

Both multiband radiance and

photographic texture contribute in graphical discrimination between
cut sugarcane fields and mature sugarcane fields, and discrimination
between cut sugarcane fields and bare soil (Fig. 13E).
Pasture occupies the lowest cultivated portions of the natural
levee, between 3 and 5 feet above mean sea level, and commonly cuts
through well drained swamp, and occasionally freshwater marsh in the
interlevee basin (Appendix A, Plate 2).
If left fallow for several years, pasture rapidly returns to a
swamp or marsh state.

The spectrum of pasture types includes fine

textured (i.e. photographic texture) homo- or heterogeneous stands
of herbaceous vegetation or coarse textured, densely canopied stands
of trees and/or shrubs (Fig. 15).

Cut or grazed herbaceous vegetation

found in pasture, along with some woody shrubs, tend to have high
visible radiance values which range between 6.5 and 10.0; near infra
red radiance from the same surfaces ranges between 4.5 and 7*0
(Figs. 15A, 15B).
Low near infrared radiance reflects, in part, the autumn season.
Like some freshwater marsh plants, pasture vegetation is perennial.
Although roots and rhizomes in the soil are alive, upper stems and
leaves often are not.

Spectral radiance of pasture is similar to that
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of marsh for essentially the same reasons as noted by Gates (1965);
dehydration and chemical breakdown of leaf pigments, particularly
chlorophyll.
Herbaceous vegetation and low shrubbery which have not yet
entered winter dormancy blend well with surrounding dormant, un
grazed grasses and weeds in visible photography (Fig. 15A), however,
the near (and far) infrared radiance contrast is outstanding (Figs.
15B, 15C; point 5)*

Corroborating ground observation showed that

young black willow trees and elderberry bushes commonly retain
active growth in November.
Figure 15F. graphically illustrates that good interband radiance
contrasts exist between tree (well drained swamp) and grass (all
pasture types), between live green vegetation and dormant vegetation,
and between fallow and grazed pasture.
Unlike sugarcane or live pasture vegetation, most plants in
the early November, south Louisiana landscape are well beyond their
peak growing season.

Surrounding pasture, but at lower elevations

than most sugarcane cultivation, a broad variety of swamp vegetation
replaces cultivated fields.

Physiognomic contrasts between the

cultivated areas and swamp are enhanced by the heterogeneous mixture
of plant species in the swamp assemblage, and the many distinctive
colors of the trees during the autumn season (Appendix B; Appendix
A, Plate 2).
The bulk of plant growth in wooded swamps extends between late
February and late October.

Needles of bald cypress in early November

are olive brown (10Y k/2, 5Y 6/4 ), or yellow green (5GY 7/2 ), while
tupelogum trees with leaves are dark bluish green (5BG 3/2).

Both
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trees have a visible spectral radiance ranging between 3*5 and 5-0,
and only slightly lower near infrared values (Figs. 16A, 16B, points
1-3, 5-7).
Willow trees actively grow in November, and maintain a moderate
to dark green (5G 3/2, 5BG 3/2) color.

Spectral radiance values of

willow trees range between 4.0 (Fig. 17A, points 6 and 8) and 6.5
(Fig. 16A, points 10-13) in the visible band, and between 4-0 and
7*5 in the near infrared (Figs. 16B, 17B).
Sweetgum, red maple, hackberry, and elm leaves are in their
final stages of senescence; they appear light yellow green (5GY
5/2) and have photographic radiance values slightly higher than
the tupelogum and bald cypress associates.

White ash and green

ash trees are still dark green, as are water oaks, overcup oaks,
live oaks, magnolia, and hickory trees.

Cottonwood trees, found

only on dry sandy soils, stand bare, having lost all of their leaves
in mid-October.

While the ashes, oaks, magnolia, and hickory trees

appear similar to the tupelogum and bald cypress on the visible
photography, their higher spectral radiance on near infrared
photography resembles that of other mixed hardwood species.
Radiance values of cottonwood trees nearly parallel those of tupelo
gum trees which have lost their leaves (Fig. 16, point 6).
Many shrubs common to swamps, such as elderberry, swamp bay,
wax myrtle, and buckbrush, normally cannot be individually detected
on the photography or imagery; but, are green in November.

Palmetto

is light green, and many young actively growing weeds and shrubs in
swamp understory retain their green color.

Spanish moss, the

dominant swamp epiphyte, has a typically bluish green appearance;
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and kudzo vine, another important epiphyte in some areas, is light
green.
Spectral discrimination of individual geographic points within
swamp environments is poor; although, it does occur for selected
points in Figures 16E, 17E, and 18E.

Notably, contrasts exist

between tupelogum and bald cypress associates (Fig. 16, point 1;
Fig. 17, point 3; Eig. 18, point 3) and all other adjoining environ
ments.

Floating hydrophytes (Fig. 16, point 4), open water (Fig.

17, point 7), freshwater floating marsh (Fig. 17, point 11; Fig.
18, point 15), and the transition zone between marsh and swamp
(Fig. 18, point 13) yield multispectral radiance values which are
easily discriminated from well or poorly drained swamps.

Similar

distinctions are shown for fallow pasture (Fig. 15, point 8),
currently grazed pasture (Fig. 15, point 12), bare soils (Fig. 12,
points 4 and 9), and all growth stages of sugarcane (Fig. 13,
points 1-7) when they are compared to swamp.
In summary, visible band radiance values for swamp species
are moderate (Appendix B).

Radiance values of most leaved trees

range between 4.0 and 7-0; however, trees having lost their leaves
or holding leaves in the final stages of senescence, tend to have
higher visible band radiance values.

Considering the sunlit side

of the trees only (variable 3), near infrared radiance is high and
ranges between 5*5 and 8.0.

Average near infrared radiance values

(variable 4 ) range between 3*0 and 6.5*

Although little differentia

tion exists between well drained swamp and poorly drained swamp in
visible photography, the slightly higher near infrared radiance of
tree species in well drained swamp in November, weakly aids in
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distinguishing the W o environments.
Like swamp tree species in November, most marsh vegetation has
entered its period of winter dormancy.

Several species of plants

common to marsh environments, notably water hyacinth and several
other floating hydrophytes, continue growth and even initiate anthesis
well into December.
Growth rates of hydrophytic plants begin to decrease in October
and November and terminate with the first frost.

Duckweed, alligator

weed, broadleaf cattail, bull tongue, and pickeral weed, common
ecological associates of water hyacinth in open freshwater or marsh
environments, are similarly actively growing in November.

Spectral

radiance values of floating hydrophytic plants vary between 5*0 and
10.0 in visible photographs and 5*5 and 8.0 in near infrared photo
graphs (Figs. 19A and 19B).
Cut grass, couch grass, and seaside goldenrod flower in fresh
water and nearly freshwater marsh in autumn.

On topographically

higher edges of marsh, where underlying soils offer firm support,
shrubs such as marsh elder, wax myrtle, supplejack, elderberry, and,
in slightly brackish zones, buckbrush are outstandingly green.

Pen-

found and Hathaway (1938) noted, that of the several dozen marsh
species, only ten are still in flower in November and none initiate
anthesis during this month.

Most of the ten species, however, grow

in nearly freshwater to saline marshes.
With the coming of progressively colder weather, most marsh
vegetation dries in place changing rapidly in color to tans, yellows,
and light browns (5Y 7/2, 5GY 7/2, 5Y 8/4, 5Y 5/2).

Although these

colors become the dominant aspect of the marsh landscape, plant
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colors beneath the water level are considerably darker.
The autumn marsh panorama, however, is broken by green cut
grass and several other young herbaceous shoots which pepper the lower
levels of the dying vegetation.

Along the fringes of floating fresh

water marsh, green cattail and bull tongue actively grow, but they
are almost overshadowed by taller, dried roseau cane.

In the most

southerly portions of the study area, where water is occasionally
slightly brackish, marsh elder and buckbrush are common, live, green
(5BG 3/2, 5G 5/2) vegetation in a pale herbaceous landscape.
Freshwater marsh surfaces have high visible radiance (7*0 - 10.0)
and moderate near infrared radiance (4.5 - 6.0); and floating hydro
phytes appearing above the water's surface tend to have moderate to
high visible and near infrared radiance depending on the dominant
species.
Shadows are not sensed on either floating hydrophte or marsh
surfaces, and as a result, radiance values of both surfaces exceed
those of swamp in all photographic variables (Table 1) with the
exception of variable 3-

In variable 3* near infrared radiance of

trees in well drained swamp exceeds that of marsh however, values in
poorly drained swamp are less than that of marsh.

Ground observa

tions suggested that most vegetation within the marsh and the poorly
drained swamp was, dry, and well into winter dormancy, however, tree
species in well drained swamp were generally green and growing.
During the height of the growing season, radiance differences may be
less.
Edaphic Effects on Spectral Radiance.

Slight deviations from

characteristic spectral signatures of individual plant species have
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been noted to correlate with soil salinity, moisture, and nutrient
deficiencies (layers et al., 1970).

Inadequate ground data in the

study area do not permit such correlations, however, observed
ecotones may reflect local edaphlc gradients (Whittaker, 1953).
In deltaic studies, ecotones viewed in a stratigraphic context
have served as the conceptual basis for stratigraphic interpretations
of paleo environments (Coleman, 1966a, 1966b; Coleman and Gagliano,
1965; Scruton, I960).

Furthermore, the sequential and cyclic nature

of deltaic sedimentation permits geomorphic interpretation of near
surface and surface sediments (Van Lopik, 1958; Tator, 1958).
Figure 19 illustrates a graytone transect along the center of
a pipeline canal (see Appendix A, Plate 3)- Visible radiance values
range between 5-0 and 10.0, and near infrared values vary between
5*5 and 8.0.

The lower end of the canal (left side of transect)

empties into St. Louis Canal, which in turn empties into Bayou
Chauvan, a large, slowly moving bayou which drains the interlevee
basin between bayous Petite Caillou and Grand Caillou.
Dark water colors (Fig. 19A, point 1) are broken up by the
high radiance of duckweed, which peppers the surface and becomes
increasingly dense in the canal with distance from the mouth.

9.0

and 10.0 values on the visible transect correspond with 7*5 and 8.0
values in the near infrared (Fig. 19B, points 2, 3) and represent
typical values for duckweed cover in the study area.
Beneath the water's surface, dense masses of submerged aquatic
plants, dominated by coontail, are encountered.

Farther up the

canal, drifting water hyacinth, and to a lesser degree alligator
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weed, overshadow duckweed, and radiance values drop (points 4-8)
in both photographic bands.
Densely canopied hardwood trees growing on spoil along the
canal, partially overhang the floating hydrophytes.

Sticks and

branches commonly fall into the canal and occasionally protrude
above the surface.

Shrubs covering the bank just above the water

line add little organic matter to the water.

Floating and sub

merged vegetation finally becomes impassable by boat and forms an
almost permanent floating mat.
The upper end of the canal (right side of transect) is closed,
and horizontal water movements are absent.

The plant assemblage

includes floating species such as water hyacinth and alligator weed,
which dominate some emergent aquatics, such as cattail, bull tongue,
and arrowhead, which sparsely inhabit the bank and the floating mat.
Radiance values rise slightly in the visible, near infrared, and
daytime far infrared, perhaps as a result of increasing vegetation
density.
Russell (1942) describes a similar serial succession on Lake
Hatch, which lies about 10 miles west of the study area (Fig. 1).
The transitional sequence from open water to firm underclays may
be conceptually outlined as follows: submerged aquatics -►floating
mat -►flotant — willow forest — poorly drained swamp — well drained
swamp.

The submerged aquatic community, which is generally beyond

the capability of remote sensors to detect, consists primarily of
coontail, bladderwort, Carolina fanwort, and floating fern.
weeds may or may not be present.

Pond-
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Floating aquatics consisting Initially of duckweed giant
smartweed, watermeal, water hyacinth, and alligator weed become
especially abundant.

Dense concentrations of floating vegetation,

which form temporary floating mats susceptible to drift and easy
breakup in moving water, become permanent mats in stagnant water.
Points 2 to 8 in Figure 19 correspond to this phase.
Permanent mats continue to grow annually in the absence of
heavy prolonged frost and saline conditions.

Given sufficient

room, ten water hyacinth plants produce an acre of plants (655,360
plants) during the 8 month growing season (Penfound and Earle,
1948).

Despite rapid colonization, water hyacinth, being 95 per

cent water, annually contributes only a small amount of organic
matter to the system.

Eventually, alligator weed may replace

water hyacinth (this is beginning at the upper end of the canal),
which in turn is itself replaced by bull tongue, cattail, paille
fine, cut grass, and saw grass, which form a true flotant and
which contribute large quantities of organic sediment to the sys
tem.

In addition to organic debris, intermittent alluviation

introduces fine nonorganic clays into marsh environments.
Beneath the flotant, slightly acidic, reduced, anarobic conditions
continually produce colloidal organic coze.
Floating mats may build downward (Penfound and Earle, 1948),
eventually becoming stable enough to support small trees and shrubs,
or the underlying ooze may be build upward.

At a depth of about 2

feet below water level, several hydrophytic plants needing firm
support, such as roseau cane, button bush, and black willow with
cattail and cut grass associates, take hold (Russell, 1942).

The
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ooze eventually stiffens into firm, highly organic clay heavily
charged with hydrogen sulfide and cohesive enough to support
large willow, tupelogum, bald cypress, and other swamp vegetation
(Hall and Penfound, 1939a, 1939b).

Figure 20 shows the spectral

radiance of the ecotonal gradient from freshwater floating marsh
through roseau cane marsh and into poorly drained tupelogura/bald
cypress swamp (See Appendix A, Plates 4 and 5)*

Although not

contiguous, transects in Figures 19 and 20 jointly illustrate the
spectral radiance of the entire serial sequence from open water to
poorly drained swamp.

The south Louisiana climax in the sequence

is well drained swamp (Penfound and Hathaway, 1938; Putnam and Bull,
1932).
Successional trends similar to those described above have been
observed in freshwater delta fill sedimentary sequences (Coleman,
1966a).

The most general form of the sedimentary model follows a

lacustrine environment — lacustrine delta fill — marsh — poorly
drained swamp — well drained swamp transitional sequence.

In up

stream freshwater environments, this succession commonly denotes
crevasse deposits in a natural levee sequence and the introduction
of coarse-grained material into the interlevee basin.

Normal

environmental gradients on the backslope of a natural levee (Fig.
4A) bend toward the interlevee basin where the crevasse occurs
(Fig. 4B).
With channel abandonment and depletion of sediment supply,
channels shoal and become clogged with fine-grained silts, clays
and floating aquatics.

Continuous regional and local subsidence

cause a reversal of serial succession from well drained swamp to
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open water or flotant.

An abandoned crevasse channel meandering

through well drained swamp takes on the radiance characteristics
of poorly drained swamp in places where it holds ground water
(Fig. 16, points 8, 9)»

Where the channel bed is above the water

table, the channel becomes indistinguishible from surrounding well
drained swamp.
In contrast with abandoned channels, a well defined boundary of
trees, shrubs, and grasses mark active channels as they develops
very steep ecotonal gradients perpendicular to the channel.

Al

though trees dominate other vegetation along the gradually sloping
banks of Bayou Terrebonne north of Presque Isle (Appendix A, Plate l),
light colored grasses fringe the moderate to dark gray water just
below the treeline.

Large hackberry trees predominate slightly

smaller black willows of nearly equal abundance.

Several varieties

of bushes, weeds, and young trees constitute the vegetation beneath
the level of the tree canopy and may shade the bank above the
waterline.

Where shade conditions permit herbaceous vegetation

to occupy the bank, pure stands of roseau cane may be found on its
upper part.

Sparse stands of goldenrod and cattail grow closer to

the water, and where it appears, elephant ear occupies the wettest
and lowest subaerial portion of the bank.

The prime floating

aquatics consist of duckweed and water hyacinth above the water’s
surface, and coontail and bladderwort submerged beneath the surface.
As a result of the predominance of tree vegetation, the
spectral signature of well drained batture (Fig. 7E, point 10;
Fig. 15E, point 6) nearly parallels that of well drained swamp
(Fig. 8E, point 12) and spoil bank (Fig. 18E, point 8).

At the
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1 to 5»000 scale of the sensing records, the herbaceous vegetation
and some near channel shrubs merge into a thin, light-gray line
between water and trees.
Spoil banks fringing man-made canals (Fig. 17, points 6, 8;
Fig. 18, points 6-8) may differ spectrally from adjoining environments
despite floristic and physiognomic similarities.

Botanical character

istics of spoil are the dominant influence on spectral radiance; they
however, are controlled by height of spoil above the water table and
age (i.e. physiognomy) of the vegetal assemblage.

Normally, spoil

banks 2 feet above surrounding marsh or swamp permit eventual
habitation of mixed hardwood trees (Appendix A, Plates 4 and 5).
Initially, bare soils on spoil banks, dredged from the channel,
exhibit radiance values similar to that of other nonvegetated soil
surfaces (discussed below).

Within a growing season grasses and

shrubs completely mask soils and are soon accompanied or replaced
by button bush, marsh elder, buck brush, and/or young black willow
trees.

All vegetation may occur in mixed stands, and some may appear

in pure stands.
Eventually, black willows become dominant (Fig. 17D, points 6,
8), commonly in association with dense understories of young red
maples.

Palmetto, swamp bay, swamp privet, and numerous other

shrubs occupy the lower flanks of the spoil.
Sagittaria, cattail, and this stands of marsh grasses, such as
paille fine, inhabit standing water commonly found in the shade of
trees and tall shrubs on the landward side of the spoil (Fig. 17D,
point 10).

Beyond the influence of the spoil bank, normal marsh

68

vegetation persists (Fig. 17D, points 11-13)> and swamp trees grow
adjacent to spoil banks traversing swamp (Fig. 17D, points 1-6).
Many red maples remain on the higher portions of the spoil
and form a part of the spoil bank climax community.

Red maples,

joined by hackberry, water oak, sweetgum, ash, and elm trees take
root in zones with respect to the ground water table, and they
jointly replace most black willow in the climax assemblage.
Epiphytic plants commonly consist of spanish moss, kudzu vine and
several other vines of lesser importance.

Points 6 to 8 in Figure

18D represent spoil bank climax vegetation.
If spoil subsides, less water-tolerant trees die first.
Eventually, the cominant vegetation of environments adjoining the
spoil form the end-point of ecological successions in a subsiding
bank.

The spectral radiance of spoil then becomes indistinguishible

from that of surrounding environments.

Although tupelogum and bald

cypress have been observed encrouching on subsiding spoil, marsh
encrouchment has not been observed in the study area.
Figure 21 illustrates the spectral radiance of individual spoil
banks of progressively older age (relative to each other) from left
to right.

Multiband radiance allows discrimination between each

point, although, points 5 and 6 nearly coincide in trend (Fig. 21E).
Greatest multiband differences occur between tree covered, bare
soil, and grass covered surfaces.

Visible and near infrared

radiance values generally decrease with age of the spoil bank in
the November photography; the black willow/red maple stage (Figs.
21A, 21B; point 3) is the only apparent exception to that trend.

TERRAIN

TRANSECT

Multi band Discrimination

E

RADIANCE

o
2

SPECTRAL

10
9
8
7

J

6

J

3

LU

9

s 5
c/o 4

RELATIVE

A
A

=

|J =

Cn
Cd

B

Cd

0.7 - 0.92

=

8.0

=

8

- 14.0

. 0 _- 1 4 . 0

microns
microns (night)
microns

(day)

FEET

J = Photographic Texture

2*

15

2 j?

I*

?5i

s1

tl

Graytone/texture transect: subsiding spoil bank.

7

0.4 - 0.7 microns

No S c a l e

Figure 21.

Cn

70
FAR INFRARED RADIANCE.

A leaf absorbs energy in the visible band

effectively; and makes prime use of it in photosynthesis.

Rates of

photogynthesis increase linearly with light intensity, and reach a
saturation point before leveling off.

Energy assimilated by the leaf

is also used to maintain leaf heat and transpiration.
A leaf reflects and transmits well in the near infrared range
(0.7 - 2.0 microns), where incident sunlight contains a large part
of its energy.

Solar radiation intensities decrease beyond 2.0

microns, where the leaf interacts with solar energy in much the same
manner as black-bodies.

Far infrared leaf emissivities reach 0.97

(Gates, 1965), and heat capacities are negligible (Geiger, 1965).
As a result of the relationship expressed in equation (l), infrared
imagery (8.0 - 1^.0 microns) corresponds approximately with a map
of relative temperature differences of vegetated surfaces (See
Appendix A).
Losing heat as rapidly as it gains it, a leaf adjusts tempera
ture, almost immediately, to surrounding air (Geiger, 1965).
Raschke (I960) attributes the majority of diurnal heat gain to heat
and radiant energy absorption on the upper surface of the leaf,
while convection and transpiration cause the largest proportion of
diurnal heat loss.

Figure 22 illustrates the diurnal heat budget of

an Alocasia indica leaf, which exemplifies the nearly equal gains
and losses in most plants.
Normal daytime heat gains cause leaf temperatures to exceed
air temperatures slightly, but they are normally less than soil
temperatures (Figs. 17C, 17E).

Nocturnal gains and losses are

extremely small, occurring as a consequence of convection and far
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Infrared emissions; and leaf heat capacities, being smaller than
those of soil, cause leaf temperatures to exceed those of soil
(Figs. 12C, 12E).

Nocturnal leaf temperatures are normally at, or

less than, air temperatures.
Physiognomic Effects on Plant Temperature.

Some physiognomic effects

on the vertical distribution of radiant energy in varying plant
assemblages (discussed above) is illustrated in Figure 14.

From

Figure 14, it follows that individual parts of plants receive more
or less solar radiation and gain or lose greater or smaller quantities
of heat.

Thermal emissions sensed from varying depths in the plant

assemblage and integrated into solid graytones, enhance relative
differences In spectral signature between all vegetation assemblages.
Figure 23, shows Imagery radiance as a function of plant height
(field estimate), and partially illustrates the effect of the
vertical air temperature profile on the leaves.

As a result of the

rapid response of a leaf to convectional air currents, daytime
imagery radiance decreases, and nighttime imagery radiance increases,
with plant height.

Because imagery radiance is a multivariate

function, variance about the regression is large, suggesting that the
combined effect of other factors is indeed significant.
While the amount of energy received in a plant community de
creases with depth, the potential for absorption increases with
increasing density (Geiger, 1965).

The ratio of leaf area to exposed

soil increases with growth stage, thus, reducing the radiance effects
of underlying soil and movements of convectional air currents.
Young plants (Fig. 16C, points 2-4) have midday maximum and
nocturnal minimum temperatures near ground level resulting from
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terrestrial emissions from underlying soils.

During plant matura

tion (Fig. 13C, points 5-7) the zone of maximum daytime temperature
tends to move upward and appears lower in magnitude.

Nocturnal temp

eratures in tall grasses (Fig. 13C, points 5-7) show a minimum about
midway in the profile, rather than at the upper canopy; this is
caused by sinking cool air forming at the surface.

Tree temperatures,

however, are warmest in the upper canopy, where leaf density is
greatest and most restrictive to vertical air movements.
In addition to height and density, low imagery radiance values
for swamp (Fig. 18C, points 1-12; Fig. 15C, points 1-3) and mature
sugarcane (Fig. 13C, points 5-7) on daytime imagery reflect effects
of evapotranspiration (See Appendix A).

Both vegetation types

actively transpire and react to convectional air currents.

Both

transpiration and convection jointly induce a decrease in leaf temp
erature.

Although transpiration in sugarcane exceeds that of swamp

in November, both sugarcane and swamp canopies are distant enough from
the earth's surface so as to be influenced by cooler midday air
temperature and convection than are plants closer to the soil surface
(Fig. 23).
The converse holds for low-level, dead vegetation, such as
marsh (Fig. 18C, points 13-15; Fig. 17C, points 9-13; Fig. 20C,
points 6-13), grazed pasture (Fig. 15C, points 11-13), and low level
green vegetation, such as floating hydrophytes (Fig. 19C, points
5-11) or fallow pasture (Fig. 15C, points 4-10).
At night, in the absence of solar radiation which is the prime
daytime temperature control, convection and infrared emissions
control leaf temperatures. Transpiration nearly ceases a3 an
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influence on temperature at night, and air temperatures increase
with height above the ground.

As a result, swamp (Fig. 15C, points

1-3) appears warmer (i.e. high imagery radiance) than low grasses
(Fig. 15C, points A-10) after prolonged air convection.

Although

not clearly defined in the study area, the relative relationship
between live and dead vegetation on nighttime imagery appears to be
random.

That is, radiance values of live vegetation apparently range

from greater than to less than those of dead vegetation.
The relative relationship between daytime and nighttime imagery
radiance indicates edaphic and growth stage effects in several graytone transects.

Dense black willow and red maple stands situated on

spoil (Fig. 17C, points 6, 8) have a daytime and nighttime imagery
radiance similar to that of adjoining poorly drained swamp (Fig.
17C, points 1-5), however, a black willow stand situated in poorly
drained swamp (Fig. 16C, points 10-13), has the inverse to poorly
drained swamp and lower radiance values on the same imagery.
Similar daytime-nighttime radiance inversions in thermal infrared
bands occur during the growth sequence of sugarcane (Fig. 13C),
during the succession of plant communities on spoil banks (Fig.
21C), and less consistently in the floating hydrophyte ecotone
(Fig. 19C).
SUMMARY.

Primary divisions of vegetation on November infrared

imagery occur between physiognomic units.

Floristic variation,

within physiognomic units, enhance radiance differences slightly.
Phenologic variation between green and dormant or dead vegetation
may influence environment discrimination in the far infrared,
although ground truth deficiencies do not permit positive conclusions.
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Transpiration in live vegetation induces evaporation and low
leaf temperatures which result in low daytime infrared radiance,
and plants with differing rates of transpiration theoretically induce
small variations in radiance.

Dead vegetation responds in nearly

the same manner as bare soil; that is, dead vegetation has high
daytime radiance values in visible photography, near infrared photo
graphy, and far infrared imagery, and low radiance values in far
infrared imagery at night.
The therometric effects of upward heat conduction decrease
with height above the ground, thus, both leaf and air temperatures
decrease with height above the ground during the daytime and in
crease with height above the ground at night.

As a result, tall

vegetation closely approximates air temperatures at night, and
short vegetation is strongly influenced by both soil and air temp
eratures.

During the daytime, solar radiation, transpiration, and

air convection jointly affect temperatures and imagery radiance, and
variations in plant height are less pronounced,

finally, although

correlations are inconclusive, edaphic variations apparently effect
far infrared radiance on imagery in the study area.
Bare Soil Surfaces. Undisturbed bare soil surfaces rarely occur in
natural environments on the Mississippi River deltaic plain.

Sur-

ficial vegetation and geographic relationships form the basis for
inductive procedures used to identify soil types from remote plat
forms.

Deltaic soils consist of organic clays and silaceous silts

and fine sands.

Most nonorganic materials are exogenous and are

deposited by a broad system of distributary channels.

The two
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dominant soil series bounding bayous Terrebonne and Petite Caillou
in the study area include the Mhoon-Commerce and the Sharkey-Swamp
series.
VISIBLE AND NEAR INFRARED SPECTRAL RADIANCE.

Lytle et al. (I960)

classifies near-channel soils in the Mhoon-Commerce Series; this
unit grades into the Sharkey Series in backawamp, and into peat in
freshwater marsh.

Soil gradients follow those schematically out

lined in Figure 4.

Lytle's classification corresponds with hori

zontal gradation of grain size from silt and silty clays near the
channels to nonorganic and organic clays in backswamp and marsh.
Totally organic marsh peats may, in places, replace nonorganic
sediments in freshwater marsh zones.
Remotely sensed bare soil surfaces in the study area show small
graytone contrasts between Commerce silty clay loam, Mhoon silty
loam, and Mhoon silty clay loam; however, the low photographic
radiance of Sharkey clays renders them distinct from the silty groups.
Discreteness in graytones between silts and clays justifies generic
separation which reflects genetic differences in the soils.

Visible

radiance values extends from 4*0 in clays to 10.0 in silts, and from
2.5 to 7*5 respectively in near infrared radiance.

Table 4 summarizes

the range of spectral radiance values for silts and clays occurring
on the sensing records in the study area.

78
TABLE 4
Range of Spectral Radiance
Values for Silt and Clay Soils
SILT

CLAY
Visible

5.0

Near Infrared

2.5 - 4-5

4.0 -

7-0

Far Infrared, N.

3*5-6.0

3*5-

6.0

Far Infrared, D.

8.5

7-5

-

7-0

10.0

7.0

-

-

10.0

10.0

Grain size, mineral constituents, soil moisture, soil density,
and organic content control spectral radiance in soil.

Lytle et al.

(I960) presents a detailed discussion of edaphic characteristics in
Terrebonne Parish.

Figure 24 shows a graytone transect of bare

soils in the study area; like the trends in soil characteristics
summarized in Figure 25, the transect runs orthogonal to the envrionmental gradients in Figure 4.

The resemblance in trend variations

in the graytone transect and the edaphic characteristics in the Ai
horizon implies the multivariate dependency of spectral radiance on
edaphic characteristics in the study area.

The relative importance

of characteristics as they effect graytone is only qualitatively
considered below.
Crevasse deposits, classified in the Mhoon or Commerce series
in Terrebonne Parish, are among the most coarse subaerial deposits.
The crevasse system breaching the western levee of Bayou Petite
Caillou (see Fig. 3) is well depicted by its surface soil boundries
which bend toward the backswamp and marsh.

At topographically low

elevations in the cultivated zone, sugarcane fields cover less
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distinct crevasse sediments, however, the system becomes apparent
again in backswamp and marsh, where unique vegetation assembleges
and outstanding nighttime infrared emission aid in demarcation
(See Appendix A).
The transect in Figure 24 traverses the Bayou Petite Caillou
crevasse; it begins near the channel (right side) and ends in
former backswamp soils, now under cultivation.

Field observation

indicated a topographic drop of between 6 to 8 feet, a change in
grain size from silts to clays, and an increase in organic content
and soil moisture corresponding with the change in spectral radiance.
Multiband discrimination (Fig. 24E) of individual points along the
profile is most outstanding in the photography and least apparent
on the imagery.
FAR INFRARED RADIANCE.

Heat balance in soil depends on (l) incoming

radiation, which is the primary control; (2) heat flow, which conducts
downward during the day and upward at night; (3) evaporation, which
depends on soil moisture, air temperature, and wind turbulence; and
(4) air temperature immediately above the soil, which has relatively
minor effects.

Of the factors influencing infrared emissions, thus

imagery radiance, only surface reflection and emissivity in equation
(l), depend on the nature of the ground surface (Geiger, 1965)*
Heat flow depends entirely upon heat conductivity properties of
soil, which is complexly controlled by soil composition, soil mois
ture, and soil temperature (Chang, 1968).
The absorption of solar radiation and the evaporation of soil
moisture are closely related and in part determine the effectiveness
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of Infrared emissions.

Under identical radiant energy conditions,

dark soils (i.e. low visible radiance) absorb greater amounts of
solar radiation than light soils; this has the effect of increasing
daytime soil temperature in the former.

Simultaneously, increased

evaporation, induced by high temperatures, causes a slight reduction
in the near-surface soil temperatures.
The transect in Figure 24 shows close correspondence in visible
and near infrared radiance, and the range in diurnal radiance values
in far infrared imagery in clay soils exceeds that of silty soils.
Below the soil-air interface, conductivity controls heat transfer.
Good conductivity permits deeper penetration of heat than does poor
conductivity.

As a result of efficient heat flow and relatively

high heat capacity, the surface temperature of highly conductive
soils show lower daily maxima than that of poorly conducting soils
(Geiger, 1965).

Average daily temperatures in good conductors

however, generally exceed those of poor conductors.

Conductivity

in soils abundant in silt- and sand-sized quartz exceeds that in
clay-3ized soils, and is least in organic rich soils (Wijk and
DeVries, 1963).

Both the clay and silt soils in the study area

are high in silica (Fig. 25), however, the higher moisture content
in the clay, apparently increases its heat conduction capabilities
over those of silt.
The capability of a soil to hold water depends on chemical
bonding and soil porosity.

Moisture tension increases as the

average pore size decreases and as the surface area per unit mass
of soil increases (Sellers, 1965).

It follows that silt or sandy
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soil having large pores holds less moisture than clay -which holds
water in chemical bonding, and which has smaller pores and a larger
surface area per unit mass.

Thus with respect to infrared imagery

radiance (Fig. 24C) clay soils (points 1-6) have a higher daytime
maximum and a lower nighttime minimum than silts (points 8-13).
Transitional soils (points 6-8) show combined characteristics of
clays and silts.
Tilling the soil decreases surface area per unit mass, thus
decreases moisture content per unit volume in comparision with the
same untilled soil.

As a result, tilled soil has a higher photo

graphic radiance and a lower daytime imagery radiance than untilled
soil with the same initial moisture content.

Evaporation normally

increases after a soil has been tilled, however, and the reduction
in moisture content tends to further enhance photographic radiance.
The transect in Figure 24 includes tilled soil only.

While

the silty soils in the transect are very loosely packed, the clays,
retaining a strong internal cohesion, remain blocky.

Unusually dry

climatic conditions prior to sensing (Appendix D) caused low ground
water tables and dry soils.

High moisture content in both soil

series decreases color contrasts between the 3ilts and clays.

Con

versely, a lack of moisture tends to enhance soil color differences,
and silts appear light brown and clays a blue gray.

These colors

are poorly represented on color photography, appearing greenish gray
(5G 8/1; 5G 6/l) and grayish blue green (5BG 5/2 ) respectively.
Silts show high visible and near infrared radiance (Fig. 24A, 24B),
and clays show low radiance in the same bands.

Bk

The higher photographic response of silts corresponds with
slightly lower daytime radiant energy absorption than clays, which
retain moisture in chemical bonding, and conduct energy in the form
of heat better than silts.

Neither daytime or nighttime imagery

(Fig. 24C), however, show great differences in emissions, and
neither sensor discriminates between the two soil types well.
Summary of Spectral Radiance of Deltaic Surface-Types. Prime
variations in spectral radiance on remotely sensed photography and
imagery correspond with geographic variations in water, plants, and
bare soil.

Secondary variations in spectral radiance are found

within each of the three major categories and show a strong depend
ency on physical, chemical, and biological variations associated
with deltaic environments.

Five major environments found in the

study area may be conveniently reduced to eleven surface-types
which roughly correspond with geographic variations within the
three major categories, and which include approximately 95 percent
of the surfaces in the study area (Table 2).
Best discrimination between water types occurs in visible
photography between water laden with organic sediment and water
laden with nonorganic sediment.

Plant surfaces discriminate best

between environments with broad physiognomic differences.

Floristic

variation within physiognomic units tends to enhance differences
in spectral radiance most, where differences in phenologic stage
occurred.

Floristic variation, however, often accompanies

physiognomic variation.

Bare soil surfaces, although generally not

sensed in most deltaic environments, may be grossly differentiated
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on the basis of silt and clay.
Discrimination of surface-type within the cultivated zone is
good despite broad variation in spectral radiance, such as is
indicated in contrasts found between pasture types or during the
growth stage of sugarcane.

The study area, however, consists of

one prime cultivated crop.

The addition of other crops in the

classification may result in a decrease in discrimination potential.
Near-Gaussian distributions of sample points drawn from each
surface-type show relative surface radiance relationships (Table 3)
which result from systematic and random errors assumed constant in
magnitude between surface-types, and induced by sensing, recording,
and measuring techniques.

Stochastic models permit quantitative

evaluation of the various deltaic environments described above.
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DISCRIMINANT ANALYSIS OF DELTAIC ENVIRONMENTS
A multiple linear discriminant function is used to test the
discriminating power of the multispectral radiance values derived
from the 11 surface-types in the study area.

A FORTRAN computer

program developed by the University of California was used to
compute membership probabilities and classify unknown points.
Discriminant Function. Discriminant analysis maximizes the pro
bability of correctly classifying a point with "m" number of char
acteristics by maximizing the interclass variability in comparison
with the total variability (King, 1969).

"n" individuals with "m"

characteristics are classified into "p" different groups.

The

data matrix takes the form of Xijk where "x" is the observation,
"k" the number of the class, "i" the number of the observation in
class k, and "j" the number of the variable.

From the original

matrix, a new matrix of variables "y" is computed by a linear trans
formation for each x in the form of:
Yik = ak + blk *ilk

+ b2k *i2k

^

+ • • ■+ bmk *lmk

where y ^ is the discriminant function.
A discriminant index is given by computation of the multiple
covariance of the original data matrices, and represents a multi
dimensional demarcation between "p" different groups.

The decision to

classify y ^ into a particular class i3 basedon its position within
"m" dimensional space, and its class membership probability.

Over

lap of populations permits multiple classification of some dis
criminant functions, however, first priority in class membership
goes to the class with the highest membership probability.

Class
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membership probabilities for groups are computed from known surfacetypes and then applied to unknown surface-types.

Discrimination of Knovm Surface-Types. In this analysis, p = 11,
representing 11 surface-types; m varies between 1 and 7 and represents
the variables noted in Table 1.

n varies between 20 and 51 observa

tions and is dependent on the frequency of observations in each of
p groups.

Total n equals 394 observations.

Table 5 summarizes the automatically processed classification
of the 394 observations in the study area expressed as a percentage
of the total number of observations in each surface type.
thesis contain actual numbers.

Paren

The magnitude of the F-statistic

in an analysis of variance determines the sequence in which vari
ables are entered, the sequence in this study being 6), 7), 3)j 5)>
l), 4)> and 2).

For most surface-types, maximum percentages of

correct classification occurred after the seventh variable was
added (see Table 6 below).

Appendix E lists similar summaries for

the 394 observations and shows discrimination between surface-types
at each step during the addition of the seven variables.
The classification of surface-types accounts for more than 95
percent of all land and water surfaces in the study area.

The

discriminant function satisfactorily segregated one hundred percent,
or nearly so, of the sample points drawn from sugarcane, open
water, and clay soil surfaces.

With the exception of poorly

drained swamp, which is classified correctly 60 percent of the time,
correct classification of all surface-types range between 78.4
and 91*2 percent.

Table 5, Discriminant Analysis of Surface-Types; 7 Variables

Computer Classification (Percentage) (Absolute Number in Parentheses)
SLT

CLY

41

85.0
(34)
2.4
(1)

10.0
(4)
97.6
(40)

41

9.7
(4)

f
SLT

40
CLY
CFL
G
O

•H
-P

•H
CO
CO
cd
rH

O
'O

E
n

§

WDS

SBK

PDS

WTR

14.8
(4)

42

71-4
(30)

23.8
(10)

4*8
(2)

37

18.9
(7)

78.4
(29)

2.7
(1)
60.0
(12)

VDS
SBK
5.0
(1)

PDS
20
^4

HYD

2.4
(1)

85-2
(23)

27

MAR

MAR

100.0
(51)

PAS

Pi

O

PAS

87-8
(36)

51

TJ

uo

SCN

5.0
(2 )

SCN

S
•H

CFL

5.9
(2)

2.9
(1)

HYD
27
v ttr

34

394 Total Observations

3-7
(1)

20.0
(4)

15-0
(3)
91.2
(31)
7-4
(2)

85.2
(23)

3.7
(1)
100.0
(34)
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Considering variation of spectral radiance within surface types,
misclassification is predictable.

Sample points occurring in gradual

transition zones, such as soils, poorly drained and well drained
swamp, spoil bank, pasture, floating hydrophytes, and marsh, having
characteristics of at least two environments, may yield alternatives
in class membership probabilities in one or more surface-types.
Misclassified points, however, often show a strong second choice
in their proper surface-type.
Misclassification may occur as the result of radiance similar
ities between dead vegetation and bare soil surfaces.

As noted

earlier, the interaction between solar radiation and vegetation
becomes increasingly like that of soil during leaf senescence.
Thus, Table 5 shows several misclassified points occurring in bare
soils and marsh grasses.
Ground observation indicated strong similarities between
batture and spoil bank.

In addition to vegetal similarities,

batture, as it exists in the study area, commonly consists of well
drained dredged material from the bed of the channel.

To avoid

unnecessary redundancies in classification, spoil bank and batture
are considered jointly.

Furthermore, radiance similarities between

spoil bank/batture and well drained swamp, implying geomorphic
similarities, cause misclassification in these surface-types.
Slight photographic texture differences, however, aid in dis
crimination between spoil bank/batture and well drained swamp.
Table 6 summarizes the reduced data in Appendix E and shows
discrimination of surface types during the stepwise addition of
each variable.

Maximum discrimination between surface-types for

TABLE 6
Percentage Correct Classification
at Each Step in Discriminant Analysis.
(Absolute Number in Parentheses)

s V
1 6
2

7

3 3
4 5
5
6

7

1

4
2

SLT
60.0
(24)
65.0
(2 6 )
75.0
(30)
82.5
(33 )
85.0
(34 )
85.0
(3 4 )
85.0
(3 4 )

CLY
80.5
(33)
80.5
(33)
10 0 . 0

(41)
97.6
(40)
97 .6
(40)
97.6
(4 0 )
97 .6
(4 0 )

CFL
4.9
(2 )
85.4
(3 5 )
‘ 85.4
(35)
85.4
(35)
85.4
(3 5 )
85.4
(3 5 )
87 .8
(36)

SON
62.8
(32)
80.4
(4 1 )
94.1
(4 8 )
96.1
(49)
100.0

(5 1 )
100.0

(5 1 )
100.0

(5 1 )

PAS
0.0
(0 )

25.9
(7)
70.4
(1 9 )
77.7
(2 1 )
81.5
(2 2 )
81.5
(2 2 )
85.2
(23)

WDS
9.5
(4)
59.5
(25)
76.2
(32)
76.2
(3 2 )
81.0
(34 )
71.4
(30)
71.4
(30 )

PDS
65.0
(13)
45.-0(9)
45.0
(9)
50.0
(10)
55.0
(11)
60.0
(12)
60.0
(12)

MAR
41.2
(14)
52.9
(18)
91.2
(3 1 )
94.1
(3 2 )
91.2
(31)
91.2
(31 )
91.2
(31)

WTR
23.5
(8 )
61.8
(2 1 )
97.1
(3 3 )
100.0

(34)
100.0

(3 4 )
100.0

(3 4 )
100.0

(3 4 )

HYD
33.3
(9)
33.3
(9)
63.0
(1 7 )
77.7
(2 1 )
85.2
(23 )
85.2
(2 3 )
85.2
(2 3 )

SBK
5.4
(2 )
35.1
(13)
37.8
(14)
67.6
(25)
67.6
(25 )
83.8
(31)
78.4
(29)
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any single sensor occurs in daytime infrared imagery.

With the

single exception of bare clay soils, where 80.5 percent of the
points are correctly classified, step 1 yields poor discrimination.
Distinctively high daytime imagery radiance of clay soils, normally
reaching above 9.0 accounts for the high degree of correct classi
fication.

In contrast, daytime emission characteristics of pasture

did not permit correct classification of any sample points occurring
on that surface.

The addition of photographic texture in step 2,

however, did permit partial discrimination of pasture from other
surface-types.
Although the addition of photographic texture does not aid in
the correct classification of several surface-types, percentages in
cut sugarcane field, pasture, well drained swamp, and spoil bank/
batture make dramatic increases.

With few exceptions, cut sugarcane

field has a photographic texture of 2.0.

The increase in correct

classification in step 2 indicates that texture indeed aids in
segregating cut sugarcane field from all other surfaces types and
that the addition of subsequent variables does not significantly
increase the percentage of correct classification.
Despite gains in well drained swamp in step 2, poorly drained
swamp decreases.

VJhereas 3*0 texture characterizes the former

surface-type, the latter, particularly on the boundary between
poorly drained swamp and marsh, may have 2.0 photographic texture.
Sample points in poorly drained swamp with 3 . 0 photographic texture
which are correctly classified in step 1, are incorrectly classified
in step 2 as well drained swamp (Appendix E); however, membership
probabilities indicate poorly drained swamp as a second choice.

92

Vegetal similarities in the continuum from well drained to poorly
drained swamp, most likely, cause this confusion.
Similarly, the discriminant analysis classifies fourteen sample
points from spoil bank/batture as sugarcane in step 1 (Appendix E)
because of similarities in imagery radiance.

Step 2 eliminates the

confusion between spoil bank/batture and sugarcane, but misclassifies
twenty-four spoil bank/batture points as swamp and abandoned pasture;
this error persists through subsequent steps.
With the exceptions of one point in both clay soil and marsh,
two points in spoil bank/batture, and four points in well drained
swamp, percentages of correct classification steadily increases after
step 2.

Increases normally exceed decreases at each step.

Discriminantion of Deltaic Environments. Table 7 transforms the
results in Table 5 to correspond with deltaic environments schema
tically illustrated in Figure 4-

The table shows a high degree of

correct environment classification for all environments but poorly
drained swamp.

It should be noted that pasture and spoil bank/

batture cross environmental gradients and at least a part of the
sample in these two classes could have fallen into one of several
environments.

Most often, second choice class membership proba

bilities in spoil bank/batture occur in well drained swamp; thus,
in the environment classification, well drained swamp includes
spoil bank/batture.

Although pasture falls within the cultivated

zone, many sample points could have been classified, with equal
validity, under well drained swamp.
Bare soils occur only in the cultivated zone.

Had large tracts

TABLE 7
Discriminant Analysis of Deltaic Environments; 7 Variablea.

f

SLT

ADP Classification (Percent)
( A b s o l u t e n u m b e r in D a r e n t h e s i s )
CULTIVATED
WATER
WDS
P D S MAR
CLY CFL
SCN
PAS WDS SBK
PDS MAR
HYD WTR

SLT
O
LU
I—

CLY

> C F L 200
c

1—
_J

■*->
fO
o

o

o

(4)

0.5
(1)

96.2
(76)

3.8
(3)

2.0

1.0

(2)

SCN
PAS

"r—
WDS
V) t/ 1
to o
3 SBK
I
<_> /)
o
a. P D S
*D
E a:
3 *£ MAR
O
C3

96.5
(193)

o;
l—
3

79
20

8.8

34

HYD

(3)
1.6

61
WTR

5.0
(1)

(1)

20.0

(4)

60.0 15.0
(1 2 )
(3)
91.2
(3 1 )
3.3
(2)

95.1
(58)
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of bare soils occurred in other parts of the natural levee, it is
doubtful that a finer discrimination than silts and clays would
have been feasible. As Table 5 indicates however, good discrimination
exists between the two major soil types.
Floating hydrophytes could have been classified under open
water or marsh.

Floating hydrophytes often indicate nonflowing,

stagnant water, rather than open water.

Unlike most freshwater marsh

however, floating hydrophytes seldom form a mat capable of supporting
a man, and breakup of the mat occurs easily under stormy conditions
and occasionally under the influence of wind tides.

The discri

minant analysis correctly classifies 100 percent of the sample
points occuring in open water (Table 5)-

Including hydrophytes in

the open water class slightly decreases the percentage of correct
classification to 95.1.

Had floating hydrophytes been grouped with

marsh, correct classification would have improved slightly from
91-2 to 91-6 percent for freshwater marsh.
Finally, the poor correct classification occurring in poorly
drained swamp may be attributed to a relatively small sample (n = 20)
and the transitional nature of backswamp as a whole.

Several points

classified by ground observation as PDS could have been classified
as WDS at another time during the year.

Similarly, the ecotone

between PDS and MAR has overtones of both environments thus causing
confusion.

As a whole, 95*8 percent of backswamp was correctly

classified.

Discrimination of Unknown Points. To test the validity of the
hypothesis that the technique of discriminant analysis is effective
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in a deltaic situation, an arbitrary grid of 756 points (7 x 108)
was superposed upon the study area depicted in Figure 3*

The

graytone and texture variables noted in Table 1 were measured at
each point and statistically processed using the discriminant
functions computed from the known points.
Figure 26 shows the classification based on the highest group
membership probability for each of the 756 grid points.

The

approximate boundaries between environments are depicted by the
bold black lines and major environmental divisions are noted in
the margins.
aries.

Dashed lines denote suggested environmental bound

Similarities between the flight line shown in Figure 3 and

the computer classified map are obvious.

Greater detail in

environment discrimination was not possible because of the paucity
of grid points which were spaced approximately U 5 0 feet apart in
the east-west direction, and 300 feet apart in the north-south
direction.

Although errors in classification occur, the correct

classification of points may often be deduced by the context in
which they are found.

Other incorrect classification, such as

the east-west row of HYD south of Bayou Petite Caillou are
difficult to resolve without field observation.

In this case,

roads occupy such a small proportion of the landscape that dis
criminant functions for that surface-type were not computed.

As

a result, no category was available for the grid points which fell
on the concrete highway.

The potential to map unknown deltaic

surface-types over broad areas using remote multispectral photo
graphy and imagery is however, illustrated.

Greater point density
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and better photographic resolution may increase the detail with
which environmental mapping is achieved.
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CONCLUSIONS
Remote multispectral analysis permits relatively simple,
objective, and semiautomatic recognition of deltaic environments.
Although this study utilizes subjective estimates of spectral
radiance, the potential for fully objective and quantitative
techniques is well within the technological capabilities of the
art.

Based upon a prior knowledge of deltaic sequences and

hydrologic processes, objective discrimination of environments
permits subjective interpretations of near-surface stratigraphy,
surface vegetation, and recent geomorphic history.
At the 1/5,000 photographic scale used in this study, spectral
radiance variations within environments cannot always be adequately
summarized into a single mean value; this holds true for graytone
variations at individual sample points as well.

As such, the

statistical parameters used in discrimination lose much of their
potency.

Discrimination of the cultivated zone, for example, requires

a classification which considers the broad internal variation of
surface-types.

The classification selected strongly depends on the

scale of the sensed data.
The quantitative explanation of spectral radiance lies in basic
energy and matter relationships.

Basic data on the heat budget of

surface-types and their interaction with solar radiation are lacking.
As a result, only theoretical work in physics and some empirical
studies aid in the generalizations drawn from this work.
The multiple discriminant analysis successfully segregates
deltaic environments on the basis of spectral radiance.

Generation

of an effective discriminant function, however, is contingent upon
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accurate knowledge of ground conditions when a choice of sample
points for the prediction equation is made.
The relative relationships and summaries in Tables 3> 5, 6, and
7, and in Appendix E, apply, at best to early November or the late
autumn season in general.

Radiance may be expected to vary slightly

during November in other years and vary radically in other seasons.
More representative radiance values demand extensive aerial surveys
with the same sensors in all seasons during several years.

Variation

in phenology, however, appears to be an important factor in environ
ment discrimination.
Finally, although photographic texture helped discriminate cut
sugarcane field from soils and well drained swamp from poorly drained
swamp, it added only slightly in discriminating between soil types,
marsh types, or floating hydrophytes.

Table 7-2 (Appendix E)

summarizes surface-type discrimination with the omission of photo
graphic texture.

All values in Table 7-2 are very close in magnitude

to those in Table 5, where all seven variables are used.

Retention

f the variable, hovrever, is preferred because of the increased
correct classifications in most vegetal assemblages.
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NOTES
1)

The phrase "remote multispectral pictorial sensors" refers to

instruments capable of sensing and recording electromagnetic
energies in picturelike form from remote platforms such as an
airplane.
used.

In this study, the records from two such sensors are

These include:
a)

Photography, which refers to records of energies with

wavelengths between 0.5 and 0.92 microns.

This range includes

the visible (0.5 - 0.7 microns) and near infrared (0.7 - 0.92
microns) portions of the electromagnetic spectrum.

Energy

passing through a lens system is sensed by halide crystals
on an acetate film.
b)

Imagery, or infrared imagery, which refers to a record

of energies having wavelengths between 8.0 and 14*0 microns.
Energy impinging on a detector is converted to an electronic
impulse, amplified, and displayed as monochromatic light on
a cathode ray tube.

A film placed in front of the tube

records an image of light variations.

Energy in this range

cannot be sensed directly by optical sensors.
Figure 5 graphically illustrates this division of sensors.
2)

Microdensitometers are capable of measuring film emulsion den

sities on transparencies in continuous profiles with widths as
small as l/lOO inch thick.

The range of measurement sensitivities

far exceeds that of the human eye, thus provides greater precision
than was possible in this study.
The subjective technique utilized in this study is described
on Page 20.

Although no formal test of the author's consistency in
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in estimating graytones was attempted, well over 50 points were
estimated a second time several months following the first estimate.
Second estimates commonly varied + l/2 step, or about a 10 percent
range of variation.
3)

Seldom did estimates vary a complete step.

Along undisturbed river channels, the batture is that part of

the river bank between low water levels and the crest of the
natural levee which periodically (usually annually) floods.
Normally, well drained conditions characterize most of the batture
environment.
4)

Langley is a unit of radiation equal to one gram-calorie per

square centimeter.
5)

The reader is referred to standard references on the subject

such as Brock, 1952; Mees, 1954; Clark, 1939; American Society of
Photogrammetry, I960; Kodak Reference Book No. 4, 1958; and ¥olfe
(ed.), 1958.
6)

The photography and imagery are unique in the sense that pre

cisely the same conditions of solar radiation, terrestrial emissions,
and atmospheric characteristics cannot be replicated.

Closely

similar conditions, however, commonly occur.
7)

The number in parentheses refers to a Munsell color notation

of the surface as it appears on Ektachrome color photography.

I'/here

film colors do not represent true ground colors well, a notation of
that fact, when known, is made in the text.
8)

In addition to the potential sources of error discussed in the

text, the author recognizes that two fundamental errors in statis
tical classification may occur.

The first error occurs when a point
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belonging to group called A is classified in a group called B
while the second error a point not belonging to A is classified as
A.

These errors correspond with 'type I and lype II errors discussed

in Snedecon (1956).
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APPENDIX A
Photography and Imagery of
Sample Sites in Study Area
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Cultivated area and freshwater bayous.
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Figure 2-A.
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Figure 4 -A .

Oil well canal, marsh, po orly drained swamp, spci- carut,
and organic r ic h w ater.
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Figure 3-A.
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Well drained swamp, abandoned crevasse, and floating
hydrophyts.
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8.0 - 14.0 MICRONS
Figure 4-A.

P H O T O G R A P H I C I.R.
0.7 - 0.92 MICRONS

N I G H T T I M E T H E R M A L I.R.
8.0 - 14.0 MICRONS

Oil well canal, marsh, poorly drained swamp, spoil bank,
and organic rich water.
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VISIBLE BAND
0.5 - 0.7 M I C R O N S

D A Y T I M E T H E R M A L I.R.
8.0 - 14.0 MI C R O N S
Figure 5-A.

P H O T O G R A P H I C I.R.
0.7 - 0.92 M I C R O N S

N I G H T T I M E T H E R M A L I.R
8.0 - 14.0 M I C R O N S

Poorly drained swamp, marah, and spoil bank.

APPENDIX B
Relative Occurrence* and Reflectance of Vegetation in Study Area

Common Name

Scientific Name

Environment
CUL WDS SBK PDS MAR V,TR

Radiance**
Visible
Near IR

Trees and Shrubs
American Elm
Bald Cypress
Black Gum
Buckbrush
Buttonbush
Cottonwood
Dahoon
Elderberry
Green Ash
Hackberry
Hemp Vine
Hercules Club
Holly
Honey Locust
Live Oak
Magnolia
Marsh Elder
Oak
Palmetto
Pecan

(Jlmus americana
Taxodium distichum
Nyssa sylvatica
Baccharis Spp.
Cephalanthus occidentalis
Populus deltoides
H e x cassine
Sambucus canadensis
Faxinus pennsylvanica
Celtis laevigata
Mikania scandens
Zanthoxylum clava-herculis
Ilex opaca
Gleditsia triacanthos
Quercus virginiana
Magnolia erandiflora
Iva frutescens
Quercus Spp.
Sabal minor
Carya Spp.

* A = abundant, C — conmon, R = rare
**Relative graytone

C

C
A
R
R
R

A
C

C
R
C
C
C
R
C
R
C
R
R
R
C
R

R
R

R
R
R
R
A

A
C
c
c

C
R

C
C
c

3 - 0 - 6 .5
2 .5 - 4 . 5

3 . 5-5.0

6 .0-8.5

4 .0 - 6 . 0

4 0 6.0

2 . 5-4.0
4 .0 - 6 . 5

3 - 0 - 5 .5
3 - 5 - 5 .0

2 .5 -4 -5
2 .5 -4 - 5
3.5-5.0
2 .5 - 4 .5

3 - 0 - 6 .5
3 - 0 - 5 .5

*

—

R
R
R
R

R
R
R
c

C
R
C

3 . 0-5.0
3 - 5-5.0

C
c
R

R
R

6.0-8.5
3 - 0 - 5 .5

Conmon Name

Scientific Name

Persimmon
Planer Tree
Rattlebox
Red Maple
Sea Qxeye
Swamp Bay
Swamp Blackberry
Swamp Privet
Sweetgum
Sycamore
Tupelogum
Water Locust
Water Oak
White Alder
White Ash
Willow

Diospyros virginiana
Planera aquatica
Daubentonia texana
Acer drummondii
Barrichia frutescens
Persea pubescens
Rubus lovisianicus
Forestiera acuminata
Liquidambar styraciflua
Platanus occidentalis
Nyssa aquatica
Gleditsia aquatica
Quercus obtusa
Clethra Spp.
Fraxinus americana
Salix nigra

Environment
CUL WDS SBK PDS MAR VTR
R
R
C

C
C
R
R
R
R
C

R
R
R
C

c
c

R

R

R
C
R
C
R
C
R
C
C

C
C
R
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R
R
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R
R
R
R
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4 .0 - 6 . 5
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2 .5 - 4 . 5
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3 * 0 -4 -5
4 .0 - 7 . 5

5 .0 -7 .0

5 .5 -8 .5

8 .0 -1 0 -0

6 .5 - 9 .5

R

A

C
R
C

Radiance
Visible
Near IR

C

Herbaceous Vegetation
C
A

C
R

R
R

R
R

A

R

3 - 5 -7 .0

5 -5 -8 .5

C

C
R
R

R

5 .0 -7 .0

5 -5 -8 .5

R
C

R
to o

Sagittaria latifolia
Scripus americana
Cynodon dactylon
Spartina cynosuroides
Helenium amarum
Typha latifolia
Brachiaia platyphylla
Sagittaria lacifolia
Scripus validus
Iris virginica
Ambrosia artemisiifolia
Oxalis stricta
Spartina patens

C
R
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Arrowhead
Bayonet Rush
Bermuda Grass
Big Cordgrass
Bitter Sneezeweed
Broadleaf Cattail
Broadleaf Signalgrass
Bull Tongue
Bulrush
Coastal Palm Iris
Common Ragweed
Common Yellow Woodsor
Couch Grass

Common Name

Scientific Name

Crowfoot Grass
Cut Grass
Cypressvine momingglory
Dandeloin
Dogfennel
Elephant Ear
Foxtail
Giant Billrush
Giant Ragweed
Goldenrod
Johnson Grass
Kudzu
Large Crabgrass
Leafy 3 Comor Grass
Marsh Button
Narrowleaf Cattail
Oyster Grass
Paille Fine
Pickerel Weed
Primrose Willow
Prostrate Vervain
Rice Cutgrass
Rose Mallow
Roseau Cane
Saw Grass
String Lily
Sugar Cane
Three Cornor
Torpedo Grass
Vaseygrass

Dactyloctenium aegyptium
Zizaniopsis miliacea
Ipomoea quamoclit
Taraxacum officinale
Eupatorium capillifolium
Colocasia antiquorum
Setaria Spp.
Scirpus califoraicus
Ambrosia trifida
Solidago Spp.
Sorghum halepense
Pueraria lobata
Digitaria sanguinalis
Scirpus robustus
Achyranthes philoxeroides
Typha augustifolia
Spartina patens
Ftenicum hemitomon
Pontederia cordata
Jussiaea grandiflora
Verbena rigida
Homalocenchrus oryzoides
Hibiscus lasiocarpus
Phragmites communis
Mariscus .jamaicensis
Crinum americanum
Saccharum Spp.
Scirpus olneyi
Fbnicum repens
Paspalum urvillel

Environment
CUL WDS SBK PDS MAR WTR
A

C

C
R

C
C
R

C

C

C

C
R
C
C

C

R

R

Radiance
Visible
Near IR
8.0-10.0
7-0-10.0

6.5-9.5
4.5-6.5

3-5-4.5

6.0-8.5

8.0-10.0

6.5-9.5

8.0-10.0

6.5-9.5

3.5-7.0

5.5-8.5

8.0-10.0

6.5-9.5

8.0-10.0

6.0-8.5

4.5-5.5

7.0-8.0

A
C
C
A
R
A

R

C
C
C

C
C
C
C
C

R

R

R
R
R
R
A
R
R
R
R
A
R
R

A
C
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Common Name

Scientific Name

Environment
CUL WDS SBK FDS MAR WTR

Radiance
Visible
Near IR

Aquatics
Alligator Weed
Carolina Fanwort
Common Bladderwort
Coontail
Dissected Liverwort
Floating Fern
Giant Sraartweed
Greater Duckweed
Lesser Duckweed
Pondweed
Water Hyacinth
Watermeal

Altemanthera philoxeroides
Cabomba caroliniana
Utricularia macrorhiza
Ceratophllum submersum
Riccia fluitans
Azolla caroliniana
Polygonum Spp.
Spirodela polyrhiza
Lemna minor
Potamogeton Spp.
Eichomia crassipes
Wolffia Spp.

C
R
R
R
C

C

C
C

A

C

C

C
C
A
A
A
C
C
R
A
R
A
R

4-.0—6.0

5.0-7.0

9.8-10.0
9.0-10.0

7.5-9.0
7.5-9.0

5.5-8.5

5.0-8.5
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APPENDIX C
SENSOR SYSTEMS

Among the sensors, the black and white metric photography
(visible band, 0.4 - 0.7 microns) taken with a Wild RC-8 automatic
film camera and a 6-inch Aviogon lens cone has the best resolution
qualities for the qualitative analysis and mapping of morphological,
biological, hydrological, and geographical parameters.

The negative

has a 9-inch by 9-inch format, and the system operates ideally under
daytime, clear-weather conditions.
Similarly, the Mitchell-Venten Reconnassiance System employing
a 1.75-inch high-acuity lens, has good resolution capabilities.

The

negative format of 2-l/4 by 2-3/16 inches, however, had to be enlarged
approximately 4-5 times in the bromide positive print in order to be
consistent with the scale of the contact print of the metric photo
graphy.

The enlargement and the high-speed developing paper reduced

the effective resolution of the positive image.

This system contains

four cameras, which allows simultaneous collection of multiband
imagery.

In this study, these included black and white panchromatic

(0.5 - 0.7 microns), black and white infrared (0.7 - 0.92 microns),
Ektachrome color (0.45 - 0.7 microns), and color infrared (0.5 0.92 microns).

Like the metric photography, this system operates

best under daytime, clear-weather conditions.
The optical photographic systems are limited to sensing solar
radiation in the visible and near infrared regions of the electro
magnetic spectrum.

In contrast, the RS-7 Infrared System (designed

and built by Texas Instruments Company, Dallas, Texas) records the
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infrared terrestrial emissions in the 8.0 to 14.0 micron region of
the electromagnetic spectrum.

This is an electronic line scan

mapping system which is capable of recording a photographic
impression on a 70 mm format film.

The photograph is achieved

by moving the film past the line in synchronism with the speed of
the sensor platform, thus displaying the narrow lines in a contiguous
series.

Discrete phenomena such as individual trees, ditches or

shadows are difficult or impossible to ascertain.

This system,

however, has proven useful and accurate in remotely estimating
surficial temperatures of soils and water bodies and delineating
soil moisture variance.

The themal information is meant to comple

ment, rather than replace, explanation of features sensed in the
visible and near infrared bands.

Although clear weather is a

prerequiste for effective operation, this sensor is capable of
operating during daytime or nighttime hours.

1

APPENDIX D
Reconstruction of Climatic and Insolation
Conditions in Late October and Early November, 1968
Houma, Louisiana
At 30 degrees north latitude during late October and early
November, the diurnal maximum solar altitude at noon varies between
51 degrees and 42.5 degrees and fluctuates through approximately
150 azmuthal degrees.

The estimated daily solar radiation at the

top of the atmosphere declines sharply from a maximum of 700 ly/day
in mid-October to 580 ly/day in the first week in November.

The

net direct and diffuse solar radiation striking the earth's sur
face at Lake Charles, Louisiana, for that time period shows a
similarly decreasing daily trend, with values generally 45 to 65
percent of that striking the outer atmosphere.

Unusually low values

correlate well with dense cloud cover, which is the primary control
on minimizing incoming radiation.

Figure D-l shows the curvilinear

relationship, for October and November, between the percentage of
extraterrestrial radiation striking the earth's surface at Lake
Charles and cloud cover at the same station.
The period is dominated throughout by reoccurring anticyclonic
conditions, which are frequently associated with an initial decline
in air temperatures followed by steadily rising temperatures, clear
skies, and minimal precipitation.

Westerly winds aloft (16,000 -

19,000 feet) were predominant over the most of the period, but were
interrupted by brief instrusions of winds coming out of the southwest
and northwest quadrants.

Moderate to dense cloud cover and low wind

velocities are associated with southwesterly winds.

In contrast,
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the northwesterly winds tend to be characterized by high velocities
and clear skies.

Westerly winds have moderate to high velocities

and moderate to light cloud cover.

Vrith the exception of a trace of

precipitation on October 24, no precipitation is recorded at Houma
during late October through November 6th, the day after data collec
tion.
On November 3, a rapidly moving low-pressure cold front moved
from Oklahoma and northern Texas into eastern Texas, western Louisiana,
and southwestern Arkansas.

At 19,000 feet, thirty-knot winds from the

southwest and west moved maritime air inland.

Cirrus-type clouds

with ceilings at 3,300 feet characterized the front at Lake Charles.
At ground levels, air temperatures ranged from 60 to 80 degrees
Fahrenheit east of the front and 55 to 70 degrees Fahrenheit west of
the front, while winds shifted from the southwest to the northwest
quadrants as the front passed.
By ?:00 A.M. on the morning of the 4th, the front was situated
in a northeast-southwest line over Tallahassee, Florida.

The skies

over Lake Charles were beginning to clear, while New Orleans was
shrouded with cirrus cloud cover which persisted until the evening
hours of that day.

The clearing trend continued through the night,

and on the morning of the 5th, skies were clear in New Orleans.

At

the same time, there was a slight rise in barometric pressure and
air temperatures at the surface had dropped into the fifties and
the sixties.

b-inds were out of the west at speeds between 3 and

10 knots.
Of the 586 ly/day reaching the outer atmosphere on the
morning of November 5, 63 percent, or 371 ly/day, was reaching the
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earth's surface at Lake Charles (U. S. Dept, of Commerce, ESSA,
Climatological Data National Summary, 1968) and presumably at
Houma several hours thereafter.

The average daily cloud cover from

sunrise to sunset for that day at Lake Charles was 0.6.

From the

relationship in Figure D-l, a lower value of 55 percent, or
approximately 3 2 i ly/day, is estimated.

Figure D-2 shows the

sunrise-to-sunset radiation regime at the top of the atmosphere
for 30 degrees north latitude, expressed in langleys per minute
(solid line).

From cloud cover data and the relationship in Figure

D-l, the daily radiation regime at the surface is estimated (dotted
line).

The flight, occurring between 9=30 and 11:30 A.M., sensed

solar radiation at values estimated between 0.6 and 0.7 ly/min.
The area beneath the surface of the estimated curve is approximately
57 percent of that beneath the solid line.

This corresponds well

with the 55 percent estimated from the daily average cloud cover
but is substantially less than the 63 percent value actually
recorded.

Thus, the estimated values are about 6 percent lower

than the real values, which are slightly closer to the normal
maximum values of 0.75 to 0.95 for this time of year (broken line).
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Lake Charles, Louisiana
O c t ober and November, 1968
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APPENDIX E

Table 1-E, Discrimination of Known Environments.

Step One, Variable Six Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)
SLT

CLY

u

60.0
(24)
9.8
(4)

41

31-7
(13)

30.0
(12)
80.5
(33)
61.0
(25)

SLT
40
CLY

G
O
•H
-P
cd
o
Ch
•H

(0
<n

ct3
i—1

O

CFL

£

20

o
u

34
WTR
34
HYD
27
SBK
S7

T*'TR

HYD

SBK

2.4
(1)

4.9
(2)

PDS
2.9
(1)
2.9
(1)
18.5
(5)

MAR

5-0
(2)

17.6
(9)
22.2
(6)

2.3
(1)

7.1
(3)

14.3
(6)

65-0
(13)

20.0
(4)

5.0
(1)

5.0
(1)

11.8
(4)

41.2
(14)

26.5
(9)
14-8
(4)
21.6

2.9
(1)
29.6
(8)

9.5
(4)
5-0
(1)

37-8

20.6
(7)
3-7
(1)
24-3

-(14)

■.tflL

17.6
(6)

2.0
(1)
25.9
(7)

7.8
(4)
11.1
(3)
31.0
(13)

35.7
(15)

MAR

PDS

5.0
(2)
9.8
(4)

42

I'-'DS

o

vms

27

PAS

TJ

PAS

9.8
(5)
37.0
(10)

51

<D
CO

£

SCN

62.8
(32)
3-7
(1)

SON

T3

CFL

44-1
(15)
23-5
(8)

2.9
(1)
33-3
(9)

2.9
(1)

10.8
(4)

5-4
-

UL

Table 2-E, Discrimination of Known Environments.

Step Two, Variable Seven Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)
f

SLT

CLY

40

65.0
(26)

30.0
(12)

41

19.5
(8)

80.5
(33)
12.2
(5)

SLT
CLY
CFL
£
•H
-P

41
SCN

a
o

CFL

SCN

PAS

V.’DS

PDS

MAR

HYD

SBK

5.0
(2)

85-4
(35)

2.4
(1)
19-6
(10)

80.4
(41)

51

V’TR

*H

PAS
V'DS

XI

o

y
o

59.5
(25)

4.8
(2)

20

35.0
(7)

45.0
(9)

MAR
34
WTR

£
O

59-3
(16)

42
PDS

T3

11.1
(3)

3

L

HYD
27
SBK
37

2.9
(1)
2.9
(1)
18.5
(5)

20.6
(7)

15.0
(3)
52.9
(18)
11.8

(L)

21.6
(8)

2.7
(1)

3.7
(1)
35.7
(15)

40.7
(11)
O

T3
0)

r:

25-9
(7)

27

H

*H
CO
CO
cti
H
O

5.0
(1)

61.8
(21)
7-4
(2)

44.1
(15)
2.9
0
)
33.3
(9)
35.1
(13)

Table 3-E, Discrimination of Known Environments.

Step Three, Variable Three Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)

f

SLT

LO

75.0
(30)

SLT
CLY

41
G

o

•H
-P

PAS

■g

1,7DS

O
o

PDS

MAR

I'TR

HYD

SBK

5.0
(2) _

85.4
(35)

2.4
(1)
*

5.8
(3)
3-7
(1)

3.7
(1)

3.7
(1)

3.7
(1)

42

11.1
(3)
76.2
(32)

20

30.0
(6)

45.0
(9)

20.0
(4)

5.0
(1)

70.4
(19)

27

PDS

S
XI

12.2
(5)

51

0)
(H
O

E(0D)

VTiS

1

CO

PAS

20.0
(8)
100.0
(41)

SCN

*H

SCN

• CO

Cm

41

CFL

-4-"-w4"
0s

O
•H

CFL

CLY

MAR

34
VJTR

2.9
(1)

34
HYD

27
SBK

37

91.2
(31)

2.9
(1)

7.4
(2)

3.7
(1)
21.6
(8)

25.9
(7)
37.8
(14)

2.7
(1)

(
97.1
(33)

3.7
CiJ

5.9
(2)

63.0
(17)
37-8
(14)

Table 4-E> Discrimination of Known Environments.

Step Four, Variable Five Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)
SLT

CLY

41

82.5
(33)
2.4
(1)

12.5
(5)
97.6
(40)

41

12.2
(5)

f
SLT
40
CLY
c

o
•H

CFL

-P

O

SCN

•ri

cn
«3
iH
O
TS

0)
£
(0

■,7DS

85.4
(35)

PDS

27

77.7
(21)

14.8
(4)
2*..8
(2)

20

30.0
(6)

50.0
(10)

5.9
(2)

20.0
(4)
94.1
(32)
100.0
(34)

34
27
SBK
37

SBK

19.0
(8)

VTR
HYD

HYD

3-7
(1)

76.2
(32)

34

T-TTR

3-9
(2)

42
PDS

MAR

2.4
(1)

3-7
(1)

MAR
CO

PAS

5-0
(2)

96.1
(49)

V.'DS

O
t-c

SCN

51
PAS

<§

CFL

14.8
(4)

3-7
(1)
29.7
(11)

2.7
(1)

3.7
(1)

77.7
(21)
67.6
(25)

Table 5-E, Discrimination of Known Environments.

Step Five, Variable One Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)
f

a
a

12.2
(5)

40
CLY
CFL

•H

SCN

-P
cd
£
>
CO
cd
—

i1 PAS
o
T) w d s
a>
t>
G
a>
m
PDS
Xi
o
§
O

SCN

PAS

PDS

MAR

5-0
(1)
2.9
(1)

14.8
(4)
81.0
(34)
25.0
(5)

4-8
(2)
55.0
(11)

5.9
(2)

14.3
(6)
15-0
(3)
91.2
(31)
100.0
(34)

34

SBK

SBK

3-7
(1)

WTR

27

HYD

2.4
(1)

81.5
(22)

20

HYD

v:tr

5.0
(2)

U2

34

’■'DS

100.0
(51)

27

MAR

f-i

O

CFL

85-4
(35)

51

-H

■X3

CLY

10.0
85.0
(34) _ (4)
97.6
2.4
(40)
(1)

SLT

G
O
•H

SLT

3-7
(1)

7-4
(2)
29.7
(11)

2.7
(1)

3-7
(1)

85-2
(23)
67.6

Table 6-E, Discrimination of Known Environments.

Step Six, Variable Four Entered

Computer Classification (Percent) (Absolute Number in Parenthesis)
f
SLT

uo
CLY

£
O
•H CFL
-P
aJ
o
•H SCN
•H
(0
<0
aj PAS
i—1
o

41
41

SLT

CLY

85-0
(34)
2 .4
(1 )
12.2
(5 )

10.0
(4 )
97 .6
(40)

CFL

SCN

PAS

8

81.5
(22)

27

5.0
(1 )

PDS

20

27
SBK

37

HYD

SBK

5.9
(2)

7-4
(2 )

3 .7
(1 )

7 .4
(2 )
71.4
(30)

l\.» 8
(2 )

20.0
(4 )

60.0
(12)

2 .9
(1 )

23-8
(10)
15.0
(3 )
91.2
(31)
100.0
(34)

34
HYD

VrTR

100.0
(51)

41

34

MAR

2 .4
((1 )

85.4
(35)

42

"O
§ MAR
o
h
O
WER

PDS

5.0
(2)

T.\rDS

£
CO

VrDS

7 .4
(2 )

3-7
(1 )
13-5
(5 )

2.7
(1)

3.7
(1 )

85.2
(23)
83.8
(31)
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